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)ROORZLQJWKHULVHLQSRSXODULW\RIYDULRXVWZRGLPHQVLRQDO'PDWHULDOVHJJUDSKHQH*U
KH[DJRQDOERURQQLWULGHK%1SKRVSKRUHQHDQGWUDQVLWLRQPHWDOGLFKDOFRJHQLGHV70'VWKH
VWDFNHGVWUXFWXUHRIWKHVHOD\HUHG'PDWHULDOVFDOOHGYDQGHU:DDOVKHWHURVWUXFWXUHVKDVSOD\HGDQ
LPSRUWDQWUROHLQRYHUFRPLQJWKHOLPLWDWLRQVRILQGLYLGXDO'PDWHULDOVDQGH[SDQGLQJWKHUDQJHRI
DWWDLQDEOHSURSHUWLHVIRUXVHLQYDULRXVILHOGV 
,QWKLVWKHVLVZHLQWURGXFHGWKHVRXUFHFRQWDFWJHRPHWU\EHWZHHQDVRXUFHDQGDVXEVWUDWHDQG
RSWLPL]HGWKHGLUHFWJURZWKPHWKRGWRREWDLQKLJKTXDOLW\DQGXQLIRUP:6*UKHWHURVWUXFWXUHVZLWK
VWURQJLQWHUOD\HUFRXSOLQJ7KHREWDLQHGHSLWD[LDOO\JURZQ:6*UKHWHURVWUXFWXUHSRVVHVVHV
LQFUHDVHGGRPDLQVL]HVDQGDQHQKDQFHGFRYHUDJHRIPRQROD\HU:6ZLWKRXWFRPSURPLVLQJWKH
TXDOLW\RIWKH:6RUVLJQLILFDQWO\GDPDJLQJWKHXQGHUO\LQJJUDSKHQH3DUWLFXODUO\WKHV\PPHWULFDO
DQGQDUURZSKRWROXPLQHVFHQFH3/SHDNUHYHDOVWKHVXSHULRUFU\VWDOOLQLW\RIWKHJURZQ:67KLV
UHVXOWLVLQFRQWUDVWWRWKRVHREWDLQHGE\GLIIHUHQWFRQYHQWLRQDOPHWKRGVVXFKDVWKHH[IROLDWLRQ
PHWKRGDQG&9'JURZWKZLWKFRQYHQWLRQDORSHQHGJHRPHWULHV 
:KLOHWKH\KRVWPDQ\H[FLWLQJSRWHQWLDODSSOLFDWLRQVVRPHRIWKHVH'PDWHULDOVDUHVXEMHFWWR
HQYLURQPHQWDOLQVWDELOLW\LVVXHVLQGXFHGE\LQWHUDFWLRQEHWZHHQPDWHULDODQGJDVPROHFXOHVLQDLU
ZKLFKSRVHVDEDUULHUWRIXUWKHUDSSOLFDWLRQDQGPDQXIDFWXUH7RRYHUFRPHWKLVLWLVQHFHVVDU\WR
XQGHUVWDQGWKHRULJLQRIPDWHULDOLQVWDELOLW\DQGGHJUDGDWLRQSURFHVVHVLQDLUDVZHOODVGHYHORSLQJ
VWUDWHJLHVWRH[WHQGDLUVWDELOW\7KHORQJWHUPLQYHVWLJDWLRQVRQDLUVWDELOLW\LQGLFDWHWKDWWKHUHVXOWLQJ
:6*UKHWHURVWUXFWXUHVH[KLELWRXWVWDQGLQJVWDELOLW\LQFRQWUDVWWRWKHJHQHUDOVKRUWWHUPGHJUDGDWLRQ
RI+SKDVH70'+70'VIODNHVJURZQRQFRQYHQWLRQDOVXEVWUDWHV7KLVUHVXOWVQRWRQO\GHVFULEH
WKHVXSHULRUFU\VWDOOLQLW\RIDVJURZQ:6RQJUDSKHQHEXWHOHFWURQPLFURVFRS\LPDJHV;UD\
SKRWRHOHFWURQVSHFWURVFRS\;36UHVXOWVDQG3KRWROXPLQHVFHQFH3/VSHFWUDFROOHFWHGRYHUPRQWKV
VXJJHVWWKDWJUDSKHQHVHUYHVDQHZUROHE\REVWUXFWLQJWKHDJLQJSURSDJDWLRQ 
7KLVUHVXOWVKRZVKRZLPSRUWDQWLQWHUOD\HULQWHUDFWLRQVDUHLQWKHVWDFNLQJFRQILJXUDWLRQRIWKH
YG:KHWHURVWUXFWXUH$VDQDGGLWLRQDOVWXG\ZHVKRZWKDWWKHFKDUDFWHULVWLFVRIWKHVXEVHTXHQWOD\HU
,,
LQYHUWLFDOYDQGHU:DDOVYG:KHWHURVWUXFWXUHDUHFRQVLGHUDEO\DIIHFWHGE\WKHVWUXFWXUDOGHIHFWVRI
WKHWHPSODWHOD\HUFRPSDULQJWZRW\SHVRIGLUHFWO\V\QWKHVL]HG:6IODNHVRQ&9'JUDSKHQHRQWKH
SULVWLQHEDVDOSODQHRIJUDSKHQH%:6DQGRQJUDSKHQHGHIHFWV':6%RWKRI:6IODNHVVKRZ
WKHVDPHFU\VWDOVWUXFWXUHZLWKRXWDWRPLFGLVSODFHPHQWDQGODWWLFHGLVWRUWLRQ+RZHYHUWKH\VWURQJO\
LQIOXHQFHGE\LQWHUOD\HULQWHUDFWLRQVEHWZHHQWKHVWDFNHGOD\HUVDIIHFWLQJWKHSK\VLFDODQGHOHFWULFDO
SURSHUWLHVLQFOXGLQJGHIRUPDELOLW\WKHUPDOVWDELOLW\DQGMXQFWLRQSURSHUW\&RPELQHGH[SHULPHQWDO
DQGWKHRUHWLFDOVWXGLHVKDYHVKRZQWKDWWKHGLIIHUHQFHLQWKHSURSHUWLHVRI':6IODNHVFRXOGEH
RULJLQDWHGIURPWKHFRYDOHQWERQGVIRUPHGYLD:DWRPLFEULGJHVZLWKK\EULGL]HGRUELWDOVDWGHIHFW
VLWHVRIJUDSKHQH7KHVHUHVXOWVVXJJHVWWKDWLWLVLPSRUWDQFHWRXQGHUVWDQGWKHLQWHUOD\HULQWHUDFWLRQV
LQ'YG:KHWHURVWUXFWXUHV
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)LJXUH$FKURQRORJLFDOWDEOHRIWKHPDMRUUHVXOWVLQYDSRUSKDVHV\QWKHVLVRI70'PDWHULDOV7KH
ILUVWSUHSDUDWLRQVRIJUDSKHQHDQG'70'IODNHVLH0R6E\PHFKDQLFDOH[IROLDWLRQPHWKRGDUH
DOVRLQFOXGHG5HSURGXFHGIURPUHI
)LJXUH6FKHPDWLFLOOXVWUDWLRQVRID/%/DQGE6''JURZWKPRGHOUHVSHFWLYHO\5HSURGXFHG
IURPUHI
)LJXUH6FKHPDWLFLOOXVWUDWLRQRI*URYHPRGHOIRUYDSRUGHSRVLWLRQ5HSURGXFHGIURPUHI
)LJXUHD7\SLFDOVHWXSIRUWKHGLUHFWFKDOFRJHQDWLRQRIWKHSUHGHSRVLWHG0RILOP5HSURGXFHG
IURPUHI E$VFKHPDWLF LOOXVWUDWLRQRI WKHJURZWKSURFHVV IRU7ƍDQG+0R7HXVLQJ0RDQG
0R2DV SUHFXUVRUV ZLWK FRQWUROOHG FRQFHQWUDWLRQ RI7H F$)0 LPDJHV RI WKH 7¶0R7H ILOPV
REWDLQHGIURP0R2OHIWDQGIURP0RULJKWEF5HSURGXFHGIURPUHI
)LJXUHD([SHULPHQWDOVHWXSRIWKHYDSRUGHSRVLWLRQIXUQDFHE6FKHPDWLFLOOXVWUDWLRQVRIWKUHH
FRQILJXUDWLRQVRIWKHWDUJHWVXEVWUDWHZLWKUHVSHFWWRPHWDOSUHFXUVRUSRLQWWRIDFHKRUL]RQWDODQGIDFH
WRIDFH5HSURGXFHGIURPUHI
)LJXUHD6FKHPDWLFGLDJUDPRISRLQWWRIDFH&9'SURFHVVVKRZLQJWKHVSDWLDOVHFWLRQLQJRIWKH
JURZWKVXEVWUDWHZLWKYDULRXV0R2YDSRUFRQFHQWUDWLRQVDVDIXQFWLRQRIGLVWDQFHEHWZHHQ0RVRXUFH
DQGVXEVWUDWHE$)0LPDJHVIRUVKDSHHYROXWLRQRI0R6FU\VWDOVGHSHQGLQJRQWKHVSDWLDOORFDWLRQ
RIWKHVXEVWUDWHDE5HSURGXFHGIURPUHI
)LJXUHD'LDJUDPRI02&9'JURZWKVHWXSDQGSKRWRJUDSKVRIPRQROD\HU0R6DQG:6ILOPV
JURZQRQLQFKIXVHGVLOLFDVXEVWUDWHVZLWKEDUHVLOLFDIRUFRPSDULVRQE6FKHPDWLFLOOXVWUDWLRQIRU
PXOWLOD\HUGHYLFHIDEULFDWLRQRI0R6GHYLFH6L2E\DOWHUQDWLQJ02&9'SURFHVVWRS)DOVHFRORU
6(0LPDJHRI WZROD\HU0R6)(7DUUD\VDQG ,6'í96'FXUYHVREWDLQHGIURP WKH¿UVWDQGVHFRQG
OD\HUVRI0R6)(7VUHVSHFWLYHO\ERWWRP5HSURGXFHGIURPUHI
)LJXUH D 6FKHPDWLFRI WKH V\QWKHVLV SURFHVV IRU ERWK YHUWLFDO DQG ODWHUDO KHWHURVWUXFWXUHV E
2SWLFDO LPDJH RI WKH :60R6 YHUWLFDO KHWHURVWUXFWXUH V\QWKHVL]HG DW  R& IRU 5DPDQ
FKDUDFWHUL]DWLRQF5DPDQVSHFWUDPHDVXUHGRQWKHIRXUSRLQWVLQEDF5HSURGXFHGIURPUHI
)LJXUHD6(0LPDJHRIWKHREWDLQHG0R6JUDSKHQHKHWHURVWUXFWXUH,QVHWDFXUUHQWPDSRIWKH
0R6JUDLQE6HOHFWHGDUHDGLIIUDFWLRQIURPRQH0R6JUDLQDE5HSURGXFHGIURPUHI
)LJXUH  D 6FKHPDWLF RI WKH YDULRXV VHWXS IRU SUHSDULQJ WKUHH GLIIHUHQW W\SHV RI WKH:6*U
KHWHURVWUXFWXUHVW\SH$WKHGLUHFWJURZWKRI:6RQ*U6L26LXVLQJWKHVRXUFHFRQWDFWJHRPHWU\
9,
DQGW\SH%WKHGLUHFWJURZWKRI:6RQ*U6L26LXVLQJ:2SRZGHUHYDSRUDWLRQZLWKDQRSHQHG
JHRPHWU\DQGW\SH&WKHJURZWKRI:6IODNHVRQEDUH6L26LXVLQJWKHFRQWDFWJHRPHWU\DQGWKH
VXEVHTXHQWWUDQVIHURIWKRVHIODNHVWR*U6L26LE7KHQRUPDOL]HG3/VSHFWUDRIWKUHHW\SHVRIWKH
:6*UKHWHURVWUXFWXUHVDQGWKHH[IROLDWHG:6PRQROD\HUIODNH
)LJXUH6(0LPDJHRI:6IODNHVGLUHFWO\JURZQRQJUDSKHQHXVLQJWKHVRXUFHFRQWDFWJHRPHWU\
,QVHWLVWKHPDJQLILHG6(0LPDJH
)LJXUH&RORUFRGHG%)7(0LPDJH6$('SDWWHUQDQG')7(0LPDJHVFRUUHVSRQGLQJWRWKH
ZKLWHDQGJUHHQFLUFOHGGLIIUDFWLRQVSRWVRI:6JURZQRQJUDSKHQHZKLFKVKRZWKHSUHVHQFHRI:6
IODNHVRQYDULRXVSRLQWVRIJURZWK
)LJXUHD6(PRGHDQGE%6(PRGH6(0LPDJHVRI:6IODNHVJURZQRQJUDSKHQHXVLQJD
VKRUWHUJURZWKWLPHPLQ
)LJXUH6(0LPDJHRIWKHIXOO\JURZQ:6*UKHWHURVWUXFWXUHJHQHUDWHGE\QDUURZLQJWKHGLVWDQFH
EHWZHHQWKH:2DVVHPEO\DQG6VRXUFH,QVHWLVWKHPDJQLILHG6(0LPDJH
)LJXUHD5HSUHVHQWDWLYH6(0LPDJHVRIWKH:6*UKHWHURVWUXFWXUHREWDLQHGXVLQJWKHSRZGHU
HYDSRUDWLRQPHWKRGW\SH%LQ)LJXUH6DE$KLJKPDJQLILFDWLRQ6(0LPDJHRID
)LJXUHD$Q$)0LPDJHE5DPDQVSHFWUXPDQGF3/VSHFWUXPRI:6JURZQRQJUDSKHQH
G7KHWHPSHUDWXUHGHSHQGHQFHRIWKH3/IURPWR.H7KHGLVVRFLDWLRQHQHUJ\REWDLQHGIURP
WKHPHDVXUHGWHPSHUDWXUHGHSHQGHQFH3/LQGDQGIWKHDEVRUEDQFHVSHFWUXP
)LJXUH&U\VWDOOLQLW\LQYHVWLJDWLRQDQGJURZWKVWXG\RI:6RQJUDSKHQHD$%)7(0LPDJH
E6$('SDWWHUQDQGFG')7(0LPDJHVRI:6JURZQRQJUDSKHQH7KHWZR')LPDJHVZHUH
REWDLQHGE\VHWWLQJWKHDSHUWXUHWRFRORUHGGLIIUDFWLRQVSRWFDQGGLQWKH6$('SDWWHUQH$
+57(0LPDJHDQGDWRPLVWLFPRGHORIWKH:6*UKHWHURVWUXFWXUH
)LJXUHDE6(0LPDJHVRIWKH0R6PRQROD\HUJURZQRQWRJUDSKHQHDZLWKDQGEZLWKRXW
1D&OUHVSHFWLYHO\
)LJXUH6(0LPDJHVRIWKHUHVLGXDOVDOWVUHPDLQLQJZLWK0R6OD\HUJURZQZLWK1D&O
)LJXUH 2SWLFDO LPDJHV RI0R6 DIWHU LPPHUVHG LQ$FHWRQH DQG ,3$ DQG LPPHUVHG LQZDWHU
UHVSHFWLYHO\
)LJXUH;36VSHFWUDRIWKHDVJURZQ0R6IODNHVXVLQJ1D&ODGGLWLYHVD0RGDQGE1DV
FRUHOHYHOSHDNRI0R6IODNHVUHVSHFWLYHO\
9,,
)LJXUH7(0DQG('6UHVXOWVRI+0R7HFU\VWDOVD$%)7(0LPDJHDQGEFRUUHVSRQGLQJ
DWRPLFUHVROXWLRQLPDJHRI0R7HFU\VWDO,QVHW,QWHQVLW\OLQHSURILOHVWDNHQIURPDEOXHOLQHLQEF
('6VSHFWUDWDNHQIURPVHYHUDO0R7HFU\VWDOVGI6$('SDWWHUQVWDNHQIURPGEOXHHUHG
DQGI\HOORZGRWWHGFLUFOHVLQDUHVSHFWLYHO\5HSURGXFHGIURPUHI
)LJXUH6LPSOHVFKHPDWLFLOOXVWUDWLRQVVKRZLQJDGU\WUDQVIHUSURFHVVRI0R7HFU\VWDOWRWKHWDUJHW
VXEVWUDWHXVLQJ3'06
)LJXUHDI6(DQG%6(PRGH6(0LPDJHVRI0R7HFU\VWDOLQWLPHVHTXHQFH%6(PRGHLPDJHV
EGIDUHWKH]RRPHGLQVXUIDFHVREWDLQHGIURPHDFK\HOORZER[LQ6(PRGHLPDJHVDFH
)LJXUHDF%6(PRGH6(0LPDJHVRIVHYHUHGHJUDGDWLRQSRLQWRQWKHDJHG0R7HFU\VWDOV(DFK
LPDJHLVDUHSUHVHQWDWLYHLPDJHRIDVFUHZGLVORFDWLRQFHQWHUEFU\VWDOHGJHDQGFJUDLQERXQGDU\
LQWKHFU\VWDOGH6(DQG%6(PRGH6(0LPDJHVRQWKHPRQWKDJHG0R7HFU\VWDO
)LJXUHDI%6(PRGH6(0LPDJHVPHDVXUHGRQWKHVXUIDFHRI0R7HFU\VWDOVLQWLPHVHTXHQFH
)LJXUH  D$)0 WRSRJUDSK\ LPDJH DQG KHLJKW SURILOH ZKLWH GRWWHG OLQH LQ WRSRJUDSK\ LPDJH
PHDVXUHGRQWKHVDPHVDPSOHLQ)LJXUHFEH=RRPHGLQ6(DQG%6(PRGH6(0LPDJHVIURP
ZKLWHGRWWHGER[HVLQ)LJXUHFDQGHUHVSHFWLYHO\
)LJXUHDE%6(PRGH6(0LPDJHVRI DDVJURZQDQG EGD\VDJHG:6*U F/RZ
PDJQLILFDWLRQ7(0LPDJH+57(0LPDJHLQWKHLQVHWRIWKHVXVSHQGHG:6*UDJHGIRUGD\V
GH%6(PRGH6(0LPDJHVRIGDVJURZQDQGHGD\VDJHG:66L2DJHGIRUGD\VLQWKH
LQVHWI/RZPDJQLILFDWLRQ7(0LPDJH+57(0LPDJHLQWKHLQVHWRIWKHVXVSHQGHG:66L2
DJHGIRUGD\V
)LJXUHD3/VSHFWUDRI:6*U:66L2DQG:6WI*UEH(PLVVLRQPDSSLQJLPDJHVRIE
F:6*UDQGGH:66L2EGWKHLQWHQVLW\PDSVDQGFHWKHSRVLWLRQPDSVRIWKHHPLVVLRQ
SHDNV
)LJXUHD%6(PRGH6(0LPDJHVRI:6IODNHVJURZQRQJUDSKHQHXVLQJDVKRUWHUJURZWKWLPH
PLQWRVKRZYDULRXVJURZWKSRLQWVDVVWXGLHGLQ)LJXUHD6(0LPDJHVRIEDVJURZQDQGF
IDJHG:6*U7KHLPDJHVLQGIDUH]RRPHGLQLPDJHVRI:6JURZQDWGEDVDOSODQHH*%V
DQGIZULQNOHGUHJLRQDIWHUDJLQJIRUGD\V7KHUHGDQGEOXHOLQHVVHUYHDVJXLGHVIRUWKH*%VDQG
ZULQNOHVLQJUDSKHQHUHVSHFWLYHO\
)LJXUH')7(0LPDJHOHIWDQG/RZ+57(0LPDJHVULJKWRIGD\VDJHG:6*UREWDLQHG
DWWKHQRUPDOHGJHFRUUHVSRQGLQJWRWKHDUHDLQWKHJUHHQER[LQ')7(0LPDJH
9,,,
)LJXUH6(0LPDJHVRIGD\VDJHG:6*UDQG:66L2REWDLQHGIURPWKHUHJLRQRISDUWLDOO\
WUDQVIHUUHGJUDSKHQHZLWKXQFRYHUHG6L2VXEVWUDWH7KHEOXHOLQHVVHUYHDVJXLGHVIRUWKHZULQNOHLQ
JUDSKHQH
)LJXUH%)7(0LPDJHVRIWKHWUDQVIHUUHG:66L2GD\VDJHGRQWRJUDSKHQHVXSSRUWLQJOD\HU
DIWHUUHPRYLQJ6L2XVLQJ+)VROXWLRQPHDVXUHGOHIWDWLQLWLDOWUDQVIHUDQGULJKWDIWHUDQRWKHU
GD\VRIDJLQJ
)LJXUH  D E : I ;36 VSHFWUD RI WKH DVJURZQ DQG DJHG D:6*U DQG E:66L2
UHVSHFWLYHO\F7KHUHSUHVHQWDWLYH3/VSHFWUDRIWKHDVJURZQ:6*UDQGWKHVDPSOHDJHGIRU
GD\VG')7(0LPDJHRIGD\VDJHG:6*UHI+57(0LPDJHVRIHWKHLQLWLDODQGI
HOHFWURQLUUDGLDWHGDJHG:6*UIRUGD\VREWDLQHGDWWKHWRUQHGJHFRUUHVSRQGLQJWRWKHDUHDLQ
WKH\HOORZER[LQG
)LJXUH  D 6(0 LPDJHV RI :6 IODNHV GLUHFWO\ JURZQ RQ D JUDSKHQH WHPSODWH ,QVHW WKH
FRUUHVSRQGLQJVFKHPDWLFLOOXVWUDWLRQIRU%DQG':6IODNHVPDUNHGDXVLQJEOXHDQGUHGFLUFOHV
UHVSHFWLYHO\ E F /RZPDJQLWXGH7(0 LPDJHV ZLWK 6$(' SDWWHUQV DQG G H DWRPLFUHVROXWLRQ
67(0LPDJHVRIEG%DQGFH':6IODNHV
)LJXUHD5HSUHVHQWDWLYH6(0LPDJHVRI:6JURZQRQJUDSKHQHREWDLQHGDWWKHHDUO\VWDJHRI
JURZWKZLWKDUHGXFHGJURZWKWLPHPLQE$KLJKPDJQLILFDWLRQ6(0LPDJHRID
)LJXUHD7KHWRSRJUDSK\KHLJKWLPDJHDQGOLQHSURILOHVDFURVVLVRODWHG%:6IODNHVEOXHOLQH
DQG':6IODNHVUHGOLQHF7KHSKDVHLPDJHRI:6IODNHVJURZQRQJUDSKHQHPHDVXUHGXVLQJWKH
WDSSLQJPRGH$)0
)LJXUHDE6(0LPDJHVRI%DQG':6IODNHVDEHIRUHDQGEDIWHUDQQHDOLQJDWR&LQDLU
IRUKF5DPDQVSHFWUDPHDVXUHGRQ':6IODNHVEHIRUHDQGDIWHUDQQHDOLQJ
)LJXUHDE$WRPLFUHVROXWLRQ7(0LPDJHVRINQRFNRQGDPDJHGDUHDLQD%DQGE':6
IODNHVUHVSHFWLYHO\ZLWKVLPSOHVFKHPDWLFLOOXVWUDWLRQV
)LJXUHDE7KHRSWLPL]HGVWUXFWXUHRID:6RQSULVWLQHJUDSKHQH%:6FDVHDQGE:6RQ
:VXEVWLWXWHG*U*%':6FDVHDIWHUIXOOUHOD[DWLRQ6ROLGOLQHVGHQRWHERXQGDU\RIHDFKVXSHUFHOO
*%VRIJUDSKHQHDUHLQGLFDWHGZLWKSLQNFRORUHGUHJLRQVF7KHLVRVXUIDFHPDSVRIFKDUJHGHQVLW\IRU
WKHRSWLPL]HGVWUXFWXUHLQDDQGEUHVSHFWLYHO\7KHLVRVXUIDFHOHYHOLVuHDDLVD%RKU
UDGLXVGJ'HQVLW\RIVWDWHV'26RIGI:6RQSULVWLQHJUDSKHQHDQGHJ:6RQ:VXEVWLWXWHG
*U*%QHDUWKH)HUPLOHYHO'RWWHGUHFWDQJXODUUHJLRQVLQGDQGHDUHVKRZQLQWKHPDJQLILHGYLHZ
,;
RI I DQG J%OXH DQG UHG VKDGHG DUHDV LQ J LQGLFDWH HOHFWURQ VKDULQJ EHWZHHQ:6 IODNHV DQG
JUDSKHQHZLWK:DWRPLFEULGJH
)LJXUH/RZORVV((/6 VSHFWUD LQ%:6 IODNHV EOXH FXUYH DQG':6 IODNHV UHG FXUYHRQ
JUDSKHQH
)LJXUHD7KHWRSRJUDSK\KHLJKWLPDJHDQGEFRUUHVSRQGLQJFXUUHQWLPDJHUHFRUGHGDW9
RI:6IODNHVJURZQRQJUDSKHQHF,9FXUYHVUHFRUGHGZLWK3W,UFRDWHGWLSRQ%:6IODNHVEOXH
FXUYHDQG':6IODNHVUHGFXUYHRQJUDSKHQH


 
;
/,672)7$%/(6
7DEOH'HFRPSRVLWLRQWHPSHUDWXUHVRIWUDQVLWLRQPHWDODQGFKDOFRJHQSUHFXUVRUV5HSURGXFHGIURP
UHI
7DEOH'LVVRFLDWLRQWHPSHUDWXUHVRIJURXS9,70'V5HSURGXFHGIURPUHI
7DEOH&RPSXWHGELQGLQJHQHUJLHVDQGERQGLQJSUHGLFWLRQVRI:6RQSULVWLQHDQGGHIHFWFRQWDLQLQJ
JUDSKHQHFDVHV




&+$37(5
,QWURGXFWLRQWR6\QWKHVLVRI7UDQVLWLRQ0HWDO'LFKDOFRJHQLGHV

,QWURGXFWLRQ

*UDSKHQHDUHSUHVHQWDWLYHWZRGLPHQVLRQDOPDWHULDOZLWKDWRPLFOD\HUWKLFNQHVVKDVGUDZQJUHDW
DWWHQWLRQIURPUHVHDUFKHUVRYHUWKHSDVWGHFDGHGXHWRLWVH[FHOOHQWHOHFWULFDOPHFKDQLFDODQGRSWLFDO
SURSHUWLHVWKDWFDQQRWEHDFKLHYHGZLWKFRQYHQWLRQDOWKUHHGLPHQVLRQDOPDWHULDOV7KHH[FHOOHQW
SURSHUWLHVRIJUDSKHQHDUHDWWULEXWHGWRVHPLPHWDOOLFHOHFWURQLFVWUXFWXUHVZLWK]HUREDQGJDSEXWWKH\
KDYHOLPLWDWLRQVWKDWDUHGLIILFXOWWRDSSO\WRVHPLFRQGXFWRUEDVHGHOHFWURQLFVLQGXVWULHVVXFKDVVLOLFRQ
GXHWRWKHGLVDGYDQWDJHRIQRWKDYLQJEDQGJDSVLQFRQWUDGLFWLRQ5HVHDUFKHVRQJDSRSHQLQJVWUDWHJLHV
KDYHEHHQDFWLYHO\FDUULHGRXWEXWWKHUHLVDSUREOHPWKDWIRUPDWLRQRIEDQGJDSLVOLPLWHGDQGFKDUJH
PRELOLW\LVGUDVWLFDOO\UHGXFHGXSRQIRUPDWLRQRIEDQGJDS 
7KXVRWKHU'OD\HUHGYG:PDWHULDOVKDYLQJH[FHOOHQWVHPLFRQGXFWRUFKDUDFWHULVWLFVKDYHEHHQ
LQYHVWLJDWHG EH\RQGJUDSKHQH LQ UHFHQW \HDUV (VSHFLDOO\ JURXS  WUDQVLWLRQPHWDO GLFKDOFRJHQLGHV
UHSUHVHQWHGE\WKHIRUPXOD0;0 0RDQG:DQG; 66HDQG7HKDYHRSHQHGQHZYLHZSRLQWV
IRU IXWXUH DSSOLFDWLRQV   )RU H[DPSOH WKH ILHOGHIIHFW WUDQVLVWRUV )(7V IDEULFDWHG ZLWK WKH
PRQROD\HU0R6IODNHVH[KLELWHGVXSHULRUHOHFWULFDOSHUIRUPDQFHZLWKKLJKRQRIIUDWLRVRIaDWURRP
WHPSHUDWXUH57DQGLWFRXOGEHXVHGLQIXWXUHFLUFXLWVUHTXLULQJORZVWDQGE\SRZHU$OVR6WURQJ
HPLVVLRQDQGODUJHH[FLWRQELQGLQJHQHUJ\IURPGLUHFWEDQGJDSVWUXFWXUHRIPRQROD\HU0R6OD\HUFDQ
EHXWLOL]HGIRUVXSHULRURSWRHOHFWURQLFDSSOLFDWLRQV7KHRUHWLFDODQGH[SHULPHQWDOUHVXOWVIRUWKHVH
PDWHULDOVKDYH VWULNLQJO\ LQFUHDVHG LQ UHFHQW VWXGLHV8S WRQRZ ³WRSGRZQ´PHWKRGV VSHFLILFDOO\
PHFKDQLFDOH[IROLDWLRQZHUHXVHGWRREWDLQWKHEHVWTXDOLW\'YG:IODNHV+RZHYHUH[IROLDWLRQ
PHWKRGVDUHQRWRQO\LUUHJXODULQVL]HWKLFNQHVVRULHQWDWLRQDQGSKDVHEXWDOVRSURFHVVLVQRWVXLWDEOH
IRUODUJHVFDOHPDVVSURGXFWLRQ
&KHPLFDOYDSRUGHSRVLWLRQ&9'PHWKRGLVWKHPRVWSURPLVLQJ³ERWWRPXS´DSSURDFKIRUVFDODEOH
V\QWKHVLV RI KLJK FU\VWDOOLQLW\ JUDSKHQH DQG RWKHU ' YG: PDWHULDOV   ZLWK ORZ GHIHFW
FRQFHQWUDWLRQIRUSUDFWLFDODSSOLFDWLRQVVXFKDVIOH[LEOHHOHFWURQLFDQGRSWRHOHFWURQLFGHYLFHVVHQVRUV
DQG FDWDO\VWV$QHYROXWLRQDU\ KLVWRU\ RIPDMRU H[SHULPHQWDO LVVXHV LQ&9'EDVHG V\QWKHVLV RI '
70'VLVVKRZQLQ)LJXUHZLWKWKHLVRODWLRQRIJUDSKHQHDQG0R6IODNHV,WLVZHOONQRZQWKDW
&9'PHWKRGSURGXFHVILOPVRIKLJKTXDOLW\DQGXQLIRUPLW\WKDWDUHVFDODEOHDQGFRVWOHVVWKDQWKRVH
SURGXFHGE\FKHPLFDOH[IROLDWLRQ+RZHYHUFRPSDULQJWKHSURSHUWLHVRI&9'SURGXFHG'YG:ILOPV
WRWKRVHRIH[IROLDWHGIODNHVWKHODWWHUFRQWLQXHWRH[KLELWPXFKEHWWHUTXDOLW\WKXVIDU&XUUHQWO\
WKHFRQWUROOHG&9'JURZWKRIODUJHDUHDGHIHFWIUHHDQGKRPRJHQHRXVILOPVLVLPSRUWDQWHVSHFLDOO\
IRU WKHLU RSWRHOHFWURQLF DQG HOHFWURQLF DSSOLFDWLRQV+RZHYHU LQ&9' V\QWKHVLV RI ' YG: ILOPV
GLIIHUHQW FKHPLFDO UHDFWLRQ SDWKZD\ DQG JURZWKPHFKDQLVP FRXOG EH LQGXFHGE\ VOLJKW FKDQJHV LQ


JURZWKSDUDPHWHUVOLNHSUHFXUVRUJURZWKWHPSHUDWXUHSUHVVXUHVXEVWUDWHDQGIORZUDWH7KXVLQ
RUGHUWRLPSURYHWKHILQHFRQWURORI'YG:V\QWKHVLVZLWKSUHFLVHFRPSRVLWLRQDQGFU\VWDOVWUXFWXUH
DGHHSHUXQGHUVWDQGLQJIRUWKHWKHUPRG\QDPLFVDQGNLQHWLFVDVVRFLDWHGZLWKWKHFKHPLFDOUHDFWLRQVDQG
JURZWK PHFKDQLVPV DUH UHTXLUHG )XUWKHUPRUH PDQ\ GLIILFXOWLHV UHPDLQ LQ UHDOL]LQJ SUDJPDWLF
DSSOLFDWLRQVRI'PDWHULDOVVXFKDVWKHIRUPDWLRQRIYG:KHWHURVWUXFWXUHVZLWKDEUXSWLQWHUIDFHV
DQGWKHFRQWUROOHGFRQFHQWUDWLRQDQGFDUULHUW\SHLQKHWHURMXQFWLRQGHYLFHV 
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%DVLF*URZWK0RGHOVRI'0DWHULDO*URZWKE\&9'0HWKRG

,QWKH&9'V\QWKHVLVRI'PDWHULDOVYDULRXVJURZWKYDULDEOHVLQFOXGLQJWHPSHUDWXUHSUHVVXUH
IORZUDWHVXEVWUDWHDUHLQYROYHGLQWKHQXFOHDWLRQDQGJURZWK$FFRUGLQJWRSUHYLRXVUHSRUWVWKHUHDUH
WKUHHPDMRUJURZWKPRGHOVLQ'PDWHULDOV\QWKHVLVOD\HUE\OD\HU/%/VFUHZGLVORFDWLRQGULYHQ
6''DQGGHQGULWLFJURZWKPRGHOV,QDGGLWLRQWKHGHWHUPLQDWLRQRIWKHJURZWKPRGHVGHSHQGV
RQWKHVXSHUVDWXUDWLRQFRQFHQWUDWLRQRIWKHUHDFWDQWV)LJXUHDVKRZV/%/JURZWKPRGHOFRPPRQO\
REVHUYHG LQ JUDSKHQH DQG YDULRXV '70' V\QWKHVLV %HFDXVH WKH QXFOHDWLRQ RI D OD\HU UHTXLUHV
RYHUFRPLQJKLJKHQHUJ\EDUULHUVKLJKVXSHUVDWXUDWLRQFRQGLWLRQVDUHKLJKO\LPSRUWDQWIRUWKHLQLWLDWLRQ
RI QXFOHDWLRQ DQG IRU WKH DSSURSULDWH FU\VWDO JURZWK UDWH IRU /%/PRGHO ,Q WKH V\QWKHVLV RI '
PDWHULDOV XVLQJ &9' SURFHVV VXLWDEOH FRQFHQWUDWLRQ FRQWURO RI WKH UHDFWDQWV JLYHV SUHFLVH
FRQWUROODELOLW\RIWKHQXPEHURIOD\HUVDQGOD\HUHGYHUWLFDOKHWHURVWUXFWXUHV3UHYLRXVO\6''PRGHO
ZDVPDLQO\SUHVHQWHGLQWKHV\QWKHVLVRI'R[LGHVDQGQLWULGHVLQWKHVROYHQW0HDQZKLOHUHFHQW
UHSRUWV KDYH UHYHDOHG WKDW ' PDWHULDOV DUH DEOH WR IROORZ 6'' PRGHO )LJXUH E XQGHU ORZ
VXSHUVDWXUDWLRQHQYLURQPHQWVLQ&9'V\VWHP7KHQHZOD\HURFFXUVDWWKHFHQWHURIWKHILUVWOD\HU
ZLWKDIDVWHUJURZWKUDWHWKDQWKHERWWRPOD\HUDQGVWRSJURZLQJZKHQFDWFKXSZLWKWKHERWWRPOD\HU
$VDUHVXOWRIWKLV6''PRGHOWKHREWDLQHG'PDWHULDOVH[KLELWDS\UDPLGDOVKDSHDQGUHFHQWVWXGLHV
VKRZHGWKDWWKHLUWKUHDGLQJGLVORFDWLRQFDUU\RXWWKHKHOLFDOHOHFWULFDOWUDQVSRUWLQWKHYHUWLFDOGLUHFWLRQ
ZLWKWKHFRQGXFWDQFHHQKDQFHPHQW7KHVHPRGHOVDUHLPSRUWDQWDVDSRWHQWLDOVWUDWHJ\WRFRQWUROWKH
URWDWLRQDQJOHRUQXPEHURIVWDFNLQJRIOD\HUVLQ'PDWHULDOV


)LJXUH6FKHPDWLFLOOXVWUDWLRQVRID/%/DQGE6''JURZWKPRGHOUHVSHFWLYHO\5HSURGXFHG
IURPUHI 


0DMRU9DULDEOHVLQ&9'*URZWKRI'0DWHULDOV

&9'LVWKHSURFHVVWKDWLQFOXGHVWKHDFWLYDWLRQVDQGFKHPLFDOUHDFWLRQVRIJDVHRXVUHDFWDQWVZLWK
WKHLU QXFOHDWLRQ DQG JURZWK RQ WKH WDUJHW VXEVWUDWH ,Q SDUWLFXODU&9'SURFHVVPXVW EH DEOH WR L
WUDQVSRUWWKHUHDFWDQWVZLWKFDUULHUJDVHVLQWRWKHJURZWKFKDPEHULLSURYLGHVXIILFLHQWHQHUJ\IRUWKH
HIILFLHQW SURJUHVVLRQ RI FKHPLFDO UHDFWLRQV DQG LLL WUDQVSRUW DQG UHPRYH RI E\SURGXFWV *URZWK
SDUDPHWHUVIRUWKLV&9'SURFHVVDUHKLJKO\LPSRUWDQWEHFDXVHWKHVWUXFWXUDOIHDWXUHVRIREWDLQHGILOP
VXFKDVPRUSKRORJ\GHIHFWFRQFHQWUDWLRQDQGSKDVHZKLFKFDQEHFRQWUROOHGE\JURZWKSDUDPHWHUV
JUHDWO\LQIOXHQFHWKHFKDUDFWHULVWLFVRIWKH'PDWHULDOV

5HDFWDQWVDQG3UHFXUVRUV

0ROHFXODUSUHFXUVRUVSOD\ LQDUROHLQUHDFWDQWVIRUWKHSURFHVVRI&9',QVKRUW WKUHHUHDFWLRQ
SURFHVVHVWKHUPDOGHFRPSRVLWLRQFKHPLFDOWUDQVSRUWDQGFKHPLFDOV\QWKHVLVDUHFRPPRQO\LQYROYHG
LQ FRQYHUWLQJ SUHFXUVRUV LQWR WKH WDUJHW SURGXFWV 7KRVH SUHFXUVRUV VKRXOG EH FDSDEOH RI WKHUPDO
GHFRPSRVLWLRQ DW WKH WDUJHW WHPSHUDWXUH DQG HQRXJK YRODWLOLW\ WR KDYH DQ DFFHSWDEOH JURZWK UDWH
+RZHYHUDVDFKDUDFWHULVWLFRI&9'WKHHQHUJ\IRUDFWLYDWLQJWKHHQWLUHSURFHVVYDULHVGHSHQGLQJRQ
WKHLUW\SHVRISUHFXUVRUV5HFHQWO\&9'PHWKRGZDVPRGLILHGWRDFFRPPRGDWHWKHH[SDQGDEOHJURZWK
IRUVLQJOHFU\VWDOOLQHJUDSKHQHDQGWKHOD\HUWKLFNQHVVZDVUHGXFHGWRDPRQROD\HU$V&VRXUFHV
IRUJUDSKHQHJURZWKYDULRXVK\GURFDUERQSUHFXUVRUVDUHJHQHUDOO\DSSOLHGVXFKDV&+&+ &+
DQG &+Ł&+ WKH UHDFWLRQ HQHUJ\ RI GHK\GURJHQDWLRQ   DQG  N-PRO 7KH WKHUPDO
DFWLYDWLRQRIPHWKDQH&+LVSDUWLFXODUO\FKDOOHQJLQJEHFDXVHGHK\GURJHQDWLRQLQWKHJDVSKDVHRI
&+[WR&+[LVKLJKO\HQGRWKHUPLFZLWKWKHFDOFXODWHGYDOXHVRIDQGH9UHTXLUHG
IRUWKHVXFFHVVLYHGHK\GURJHQDWLRQWR&+&+&+DQG&UHVSHFWLYHO\2ZLQJWRWKHVWURQJ70
&+[DQG70+LQWHUDFWLRQVWKHUHLVDVLJQLILFDQWUHGXFWLRQLQWKHVHYDOXHVRQFDWDO\WLF70VXUIDFHV
VXFKDV&X1L3WDQG3GZLWKDFWLYDWLRQHQHUJLHV UDQJLQJIURP WRN-PRODQG WKHRUHWLFDO
VWXGLHVVXJJHVWVWKDWHYHQH[RWKHUPLFGHK\GURJHQDWLRQSURFHVVHVFRXOGRFFXURYHUVRPH70VXUIDFHV
&XUUHQWO\JUDSKHQHJURZWKE\&9'XVLQJD&+SUHFXUVRULVJHQHUDOO\SHUIRUPHGRQ70VXUIDFHV
DW ORZ WHPSHUDWXUHV a±&   %HVLGHV JUDSKHQH FDQ EH GRSHGZLWK1 RU 3 DWRPV E\
LQWURGXFLQJJDVHRXV1+RU3+



7DEOH'HFRPSRVLWLRQWHPSHUDWXUHVRIWUDQVLWLRQPHWDODQGFKDOFRJHQSUHFXUVRUV5HSURGXFHG
IURPUHI

,Q FRPSDULVRQ VROLG SUHFXUVRUV DUH FRQVLGHUDEO\ XVHG IRU WKH &9'EDVHG V\QWKHVLV RI YDULRXV
70'V DW WKH PRPHQW$V GHVFULEHG LQ 7DEOH  PHWDO R[LGHV 0R:2[ R[\FKORULGHV 0R
:2[&O\FKORULGHV0R&ORUPHWDOWKLQILOPVRUIRLOVFRPPRQO\XVHDVWUDQVLWLRQPHWDOVRXUFHV
0RRU:ZKLOH66HRU7HSRZGHUVVHUYHDVFKDOFRJHQVRXUFHV'XHWRWKHGLIIHUHQWYDSRU
SUHVVXUHVGHSHQGLQJRQWKHSUHFXUVRUVWKHSDUDPHWHUVVXFKDVWHPSHUDWXUHSUHVVXUHDQGFDUULHUJDV
IORZVKRXOGEHFDUHIXOO\RSWLPL]HGWRIRUPDVWDEOHYDSRUIOX[LQ&9'SURFHVV7KHYDSRUSUHVVXUHVRI
VROLGSUHFXUVRUVDUHDOVRYHU\VHQVLWLYH WR WHPSHUDWXUHUHTXLULQJDFFXUDWHFRQWURORIWHPSHUDWXUH ,Q
SDUWLFXODUWKHFRQWUROODEOHV\QWKHVLVRI:EDVHG70'VLVNQRZQWREHGLIILFXOWEHFDXVHWKHVXEOLPDWLRQ
WHPSHUDWXUHV RI WKH:FRQWDLQLQJ VROLG SUHFXUVRU LVPXFKKLJKHU WKDQ WKH WHPSHUDWXUHV RI WKH0R
FRQWDLQLQJSUHFXUVRUV$OWKRXJKJDVHRXVSUHFXUVRUV LH0R&2:2&O:&O DQG+6KDYH
EHHQVKRZQWRHQKDQFHWKHXQLIRUPLW\RIWKHV\QWKHVL]HG70'IODNHVRUILOPVEXWWKHFU\VWDOTXDOLW\
RUJURZWKUDWHKDVEHHQFRPSURPLVHG

7HPSHUDWXUHDQG.LQHWLFV

,QWKHIDEULFDWLRQRIRSWRHOHFWURQLFDQGHOHFWURQLFGHYLFHVLQVXODWLQJDQGSDVVLYDWLRQILOPVKDYHWR
EH HYDSRUDWHG WRPHWDOOL]HGHYLFH FRQWDFWV DQG LQWHUFRQQHFWVRU WR HQFDSVXODWHYDULRXVSDUWVRI WKH
LQWHUQDOFLUFXLWU\6LQFH WKHXSSHU OLPLW WHPSHUDWXUH LVDERXW R& WKHSURFHVVLQJ WHPSHUDWXUH IRU
VHPLFRQGXFWRUPXVWEHUHGXFHG+RZHYHUKLJKWHPSHUDWXUHLVHVVHQWLDOIRUWKHV\QWKHVLVRIKLJK
TXDOLW\ WKLQ ILOPV ,Q D JHQHUDO WKHRU\ RI QXFOHDWLRQ DW WKH YDSRUVROLG LQWHUIDFH D WKHUPRG\QDPLF
SURFHVV LV LQGXFHG DW WKHKLJK V\QWKHVLV WHPSHUDWXUHZKLOH D NLQHWLF SURFHVV LV LQGXFHG DW WKH ORZ
V\QWKHVLVWHPSHUDWXUH
0RO\EGHQXP
SUHFXUVRUV
0HOWLQJWHPS
GHFRPSRVLWLRQ
7XQJVWHQ
SUHFXUVRUV
0HOWLQJWHPS>&@
GHFRPSRVLWLRQ
&KDOFRJHQLGH
SUHFXUVRUV
0HOWLQJWHPS
GHFRPSRVLWLRQ
0R & : & 6 &
0R2 & :2 & 6H &
0R2 & :2 & 7H &
0R2&O & :2&O &  %RLOLQJWHPS
0R&O & :&O & &+6 &
0R2&O & :2&O & &+6 &
0R&2 & :&2 & &+6H &
$PPRQLXP
KHSWDPRO\EGDWH &
$PPRQLXP
0HWDWXQJVWDWH & &+7H &



)LJXUH6FKHPDWLFLOOXVWUDWLRQRI*URYHPRGHOIRUYDSRUGHSRVLWLRQ5HSURGXFHGIURPUHI

7KHWHPSHUDWXUHSDUDPHWHULQ&9'JHQHUDOO\DIIHFWVWKHGHSRVLWLRQUDWHDQGVWUXFWXUDOTXDOLW\RI
SURGXFWVRQWKHVXEVWUDWHDVZHOODVWKHFKHPLFDOUHDFWLRQVRISUHFXUVRUVLQWKHJDVSKDVH,WLVXVHIXOWR
UHYLVLW WKH WUHDWPHQW RI WKH NLQHWLFV RI WKLQ ILOP JURZWK E\ *URYH WR XQGHUVWDQG WKH HIIHFW RI
WHPSHUDWXUH7KHEDVLFVRIWKLVVLPSOHPRGHODUHVKRZQLQ)LJXUHZKLFKVKRZVWKHHQYLURQPHQWLQ
WKHYLFLQLW\RIWKHLQWHUIDFHRIWKHILOPJURZQE\DJDVDVVLVWHGSURFHVV$GURSLQWKHFRQFHQWUDWLRQRI
WKHUHDFWDQWIURP&JLQWKHEXONRIWKHJDVWR&VDWWKHLQWHUIDFHRFFXUV7KHFRUUHVSRQGLQJPDVVIOX[-JV
LVJLYHQE\ 
ܬ௚௦ ൌ ݄௚൫ܥ௚ െ ܥ௦൯ ൌ ܦ௚൫ܥ௚ െ ܩ௦൯Ȁߜ  
ZKHUHKJ LV WKH JDVSKDVHPDVV WUDQVIHU FRHIILFLHQW DQG LV UHODWLYHO\ LQVHQVLWLYH WR YDULDWLRQV LQ
WHPSHUDWXUHKJ§'JįZKHUH'JLVWKHJDVSKDVHGLIIXVLYLW\DQGįLVWKHERXQGDU\OD\HUWKLFNQHVV7KH
PDVVIOX[-VFRQVXPHGE\WKHVXUIDFHUHDFWLRQRIWKHJURZLQJILOPLVDSSUR[LPDWHO\SURSRUWLRQDOWR&V
ܬ௦ ൌ ݇௦ܥ௦ ൌ ܣܥ௦݁ݔ݌ሺെܧ௔Ȁ݇ܶሻ  
ZKHUHNV LV WKH UDWH FRQVWDQW IRU WKH VXUIDFH UHDFWLRQ$ LV D SURSRUWLRQDO FRQVWDQW DQG(D LV WKH
DFWLYDWLRQHQHUJ\RIWKHVXUIDFHUHDFWLRQ,QWKHVWHDG\VWDWH-JV -VVR
ܥ௦ ൌ
஼೒
ଵା௞ೞȀ௛೒
    
(TXDWLRQLPSOLHVWKDWLLIKJNVORZJDVWUDQVSRUWWKURXJKWKHERXQGDU\OD\HUZLOOOLPLWWKH
UDSLGVXUIDFHUHDFWLRQDFRQGLWLRQUHIHUUHGWRDV³PDVVWUDQVIHUGLIIXVLRQFRQWURO´LLLIKJ!!NVWKH
VXUIDFHUHDFWLRQZLOOEHVWDJQDQWHYHQLIVXIILFLHQWUHDFWDQWJDVHVDUHDYDLODEOHLH&VDSSURDFKHV&J
UHIHUUHGWR³VXUIDFHUHDFWLRQFRQWURO´$WORZWHPSHUDWXUHVILOPJURZWKLVVXUIDFHUHDFWLRQFRQWUROOHG
ZKHUHDVDWKLJKWHPSHUDWXUHVWKHILOPJURZWKLVPDVVWUDQVIHURUGLIIXVLRQFRQWUROOHG,QDW\SLFDO&9'
SURFHVVDFWXDOILOPJURZWKLVFDUULHGRXWLQWKHJDVGLIIXVLRQFRQWUROOHGUHJLRQZKHUHWKHWHPSHUDWXUH
UHVSRQVHLVUHODWLYHO\IODW


*URZWK3UHVVXUH 

%HIRUHJURZWK WKHYDFXXPOHYHOVKRXOGEHPLQLPL]HGWRREWDLQILOPVZLWKKLJKSXULW\7KHORZ
EDVHSUHVVXUHRIWKHJURZWKFKDPEHUUHGXFHVWKHFRQFHQWUDWLRQRIUHVLGXDOJDVHVZDWHUPROHFXOHVDQG
LPSXULWLHV3UHYLRXVO\&9'VWUDWHJLHVZHUHXVHG LQ ORZSUHVVXUH/3 V\VWHPVRI7RUU WR
V\QWKHVL]HKLJKTXDOLW\6LEDVHGILOPVZKLFKLPSURYHG WKHFRQWUROODELOLW\RIWKHFRQWDPLQDWLRQDQG
VWRLFKLRPHWU\ 3UDFWLFDOO\ ODUJH EDWFKHV RI ZDIHUV FDQ EH SURFHVVHG DW D WLPH DQG EHFDXVH RI WKH
JHQHUDOO\KLJKGHSRVLWLRQUDWHVLPSURYHGILOPWKLFNQHVVXQLIRUPLW\EHWWHUVWHSFRYHUDJHORZHUSDUWLFOH
GHQVLW\DQGIHZHUVWUXFWXUDOGHIHFWV/3&9'KDVLPSRUWDQWDGYDQWDJHVUHODWLYHWRDWPRVSKHULFSUHVVXUH
$3a7RUU&9'SURFHVVLQJWRJURZZDIHUVFDOH70'PDWHULDOV:KLOHQRFOHDUHYLGHQFH
KDVEHHQUHSRUWHGWKDWWKHSDUWLDOSUHVVXUHRIDSUHFXUVRUFDQLQIOXHQFHWRWKHJURZWKPRGHRI'70'
ILOPVKLJKO\FRPSOLFDWHGSURFHVVHVDQGPHFKDQLVPVZLWKPDMRUJURZWKYDULDEOHVDUHHQJDJHGLQWKH
JURZWKSUHVVXUH)XUWKHULQYHVWLJDWLRQVDUHUHTXLUHGWRUHYHDOWKHLPSDFWRIJURZWKSDUDPHWHUVIRUVXUH 

6XEVWUDWH

,Q VHOHFWLQJ WKH JURZWK VXEVWUDWH YDULDEOHV RWKHU WKDQ WKH PDWHULDO RU LWV FKHPLVWU\ VKRXOG EH
FRQVLGHUHG&U\VWDOVWUXFWXUHDQGRULHQWDWLRQWH[WXUHVLQJOHDQGSRO\FU\VWDOOLQHFKDUDFWHUDQGJUDLQ
VL]HVXUIDFHPRUSKRORJ\DQGGHIHFWVDQGLPSXULWLHVKDYHSURYHQWREHFUXFLDOLQWKHQXFOHDWLRQDQG
JURZWK RI 'PDWHULDOV7KH VXEVWUDWH FDQ EH VLPSO\ GHILQHG DV WKH VXUIDFH ZKHUH WKHPDWHULDO LV
GHSRVLWHGLQWKH&9'SURFHVVKRZHYHULWGRHVPRUH&DWDO\WLFPHWDOVXEVWUDWHVLH1LDQG&XDUH
ZLGHO\XVHGDVVXEVWUDWHVIRUJUDSKHQHV\QWKHVLVDVZHOODVFDWDO\VWVEHFDXVHRIWKHLUFDWDO\WLFDELOLWLHV
DQGFDUERQVROXELOLWLHV0HDQZKLOH70'PDWHULDOVDUHFRPPRQO\V\QWKHVL]HGRQWKHFRQYHQWLRQDO
LQHUWVXEVWUDWHVZLWKRXWFDWDO\WLFHIIHFWOLNHVDSSKLUHDQG6L27KXVWKHV\QWKHVLVLVHDVLO\DIIHFWHGE\
WKH VXEVWUDWH WUHDWPHQW EHIRUH WKH JURZWK (VSHFLDOO\ WKHPLFURVWUXFWXUH DQG FU\VWDO ODWWLFH RI WKH
VXEVWUDWH KDYH FULWLFDO HIIHFWV RQ WKH YDSRU SKDVH V\QWKHVLV RI70'V )RU LQVWDQFH EHFDXVH RI WKH
VSHFLILFODWWLFHRULHQWDWLRQRIFVDSSKLUHZLWKWKHDWRPLFDOO\VPRRWKWHUUDFHVWKHV\QWKHVL]HG70'VRQ
FVDSSKLUHVXEVWUDWHVKRZHGSUHIHUHQFHIRUFHUWDLQRULHQWDWLRQUHODWHGWRWKHFU\VWDOV\PPHWU\DQGWKH
VXUIDFH WHUUDFHV RI WKH VXEVWUDWHV  0HDQZKLOH LQ WKH XVH RI PHWDO IRLO DV D VXEVWUDWH WKH
FU\VWDOORJUDSK\RIVXEVWUDWHPHWDOFDQPHGLDWHGDVWURQJHIIHFWRQWKHQXFOHDWLRQDQGGRPDLQVL]HRI
70'VE\VHOHFWLQJGLIIHUHQWIDFHWV7KLVSUHIHUHQWLDOJURZWKRQFHUWDLQIDFHWVDUHH[SODLQHGE\GLIIHUHQW
ELQGLQJHQHUJ\EHWZHHQ70'VDQGVXEVWUDWHVGHSHQGLQJRQWKHIDFHW)XUWKHUPRUHWKHDUUDQJHPHQW
RIVXEVWUDWHSOD\VDQLPSRUWDQWUROHLQWKHPRUSKRORJLFDOFRQWURO)RULQVWDQFH0R6IODNHVJUHZLQWR
DFRQWLQXRXVILOPZLWKODUJHGRPDLQVL]HVRIaȝPRQWKHWDUJHWVXEVWUDWHLQWKHYHUWLFDOSRVLWLRQRI
WKHV\VWHPDVFRPSDUHGWRWKHKRUL]RQWDOO\DUUDQJHGVXEVWUDWHGXHWRWKHHQKDQFHGXQLIRUPLW\RIWKH
SUHFXUVRU


6WUDWHJLHVIRU9DSRU3KDVH6\QWKHVLVIRU'70'V

0DQ\ UHVHDUFKHV KDYH EHHQ IRFXVHG RQ WKH GHYHORSPHQW RI VFDODEOH V\QWKHVLV PHWKRGV IRU
VHPLFRQGXFWLQJ70'PRQROD\HUSURGXFWLRQZLWKODUJHFU\VWDOVXVLQJYDULRXVJURZWKWHFKQLTXHVVXFK
DV39'SXOVHGODVHUGHSRVLWLRQ3/'$/'0%(DQG&9'$PRQJWKHVH³ERWWRPXS´V\QWKHVLV
PHWKRGV&9'LVPRVWOLNHO\WRDFKLHYHKLJKTXDOLW\ZDIHUVFDOH'70'VDWDORZFRVW3UHVHQWO\
WKH &9' V\QWKHVLV RI 70' ILOPV FDQ EH ODUJHO\ FDWHJRUL]HG LQWR WKH IROORZLQJ WKUHH SDWKZD\V
GHSHQGLQJRQWKHSUHFXUVRUVXSSO\PHWKRGLGLUHFWYDSRUSKDVHFKDOFRJHQDWLRQRISUHGHSRVLWHG70
VRXUFHVLLYDSRUGHSRVLWLRQDQGLLLPHWDORUJDQLFFKHPLFDOYDSRUGHSRVLWLRQ02&9'

'LUHFW&KDOFRJHQDWLRQRI6ROLG3KDVH6RXUFHV

$ VLPSOH VWUDWHJ\ IRU REWDLQLQJ 70' ILOPV LV WKH GLUHFW FKDOFRJHQDWLRQ RI SUHGHSRVLWHG 70
SUHFXUVRU¿OPV7KH UHDFWLRQPHFKDQLVPXVHG WR V\QWKHVL]H70'VFDQEHXQGHUVWRRGEDVHGRQ WKH
VLPSOHDQGGLUHFWFKHPLFDOUHDFWLRQ7DNLQJWKHV\QWKHVLVRI0R6DVDQH[DPSOH7DUDVRYHWDOUHSRUWHG
WKHUPDODQQHDOLQJRIDSUHGHSRVLWHG0RILOPRQ6L2LQ6YDSRUVIRUWKHSUHSDUDWLRQRIZDIHUVFDOH
VLQJOHDQGIHZOD\HUHG0R6ILOPV)LJXUHD%\FRQWUROOLQJWKHWKLFNQHVVQPRIWKH0R
ILOPWKH\VKRZHGWKDWWKHWKLFNQHVVRIWKHDWRPLF0R6OD\HUGHSHQGVRQO\RQWKHWKLFNQHVVRIWKHSUH
GHSRVLWHG0RILOP7KLVLQGLFDWHVWKDWGLUHFWVXOIXUL]DWLRQLVDQHDVLO\VFDODEOHDQGFRQWUROODEOHPHWKRG
IRUGHSRVLWLQJDWRPLFDOO\WKLQ0R6OD\HUVRQWDUJHWVXEVWUDWHV+RZHYHUWKH0R6OD\HUVV\QWKHVL]HG
XVLQJWKLVPHWKRGVKRZHGSRRUFDUULHUPRELOLWLHVUDQJLQJIURPWRFP9VDW57GXHWRWKH
IRUPDWLRQ RI0R6 OD\HUV ZLWK VPDOO JUDLQV RI  WR  QP DQG WKH SUHVHQFH RI XQUHDFWHG PHWDO
LPSXULWLHV6LPLODUO\/LQHWDOUHSRUWHGDQDOWHUQDWLYHVWUDWHJ\WKDWLQYROYHVUHSODFLQJWKH0RPHWDO
ZLWKD0R2WKLQILOP0R2WKLQILOPVRIWKHGHVLUHGWKLFNQHVVZHUHSUHSDUHGE\WKHUPDOHYDSRUDWLRQ
RQDVDSSKLUHVXEVWUDWHWRSURGXFHZDIHUVFDOH0R6WKLQILOPV)LUVWWKH0R2ILOPZDVUHGXFHGWR
0R2[DW&ZLWKDQ+IORZDQGWKHQ0R6OD\HUVZHUHDFKLHYHGRYHUDîFPVXEVWUDWHE\
VXOIXUL]DWLRQDWR&LQDVXOSKXUULFKHQYLURQPHQW7KHDVJURZQ0R6ILOPZDVWUDQVIHUUHGWRWKH
WDUJHWVXEVWUDWHVIRUHOHFWURQLFGHYLFHIDEULFDWLRQDQGLWVKRZHGDUHODWLYHO\KLJKRQRIIUDWLRRIa
WULOD\HU+XVVDLQHWDOXVHGUDGLRIUHTXHQF\5)PDJQHWURQVSXWWHULQJWRGHSRVLW0R2ILOPVZKLFK
ZHUH VXOIXUL]HG DW & WRSUHSDUH0R67KH WKLFNQHVVRI WKH0R6 ILOPFDQEH FRQWUROOHGE\
YDU\LQJWKHVSXWWHULQJWLPH6SXWWHULQJWLPHVZHUHVHWWRDQGVXVLQJD5)SRZHURI
:DQGWKHUHVXOWVZHUHPDWFKHGWRPRQROD\HUELOD\HUWULOD\HUDQGIHZOD\HUVRIWKH0R6EDVHGRQ
SKRWROXPLQHVFHQFH3/DQG5DPDQPHDVXUHPHQWV



)LJXUHD7\SLFDOVHWXSIRUWKHGLUHFWFKDOFRJHQDWLRQRIWKHSUHGHSRVLWHG0RILOP5HSURGXFHG
IURPUHIE$VFKHPDWLFLOOXVWUDWLRQRIWKHJURZWKSURFHVVIRU7ƍDQG+0R7HXVLQJ0RDQG
0R2DVSUHFXUVRUVZLWKFRQWUROOHGFRQFHQWUDWLRQRI7HF$)0LPDJHVRIWKH7¶0R7HILOPV
REWDLQHGIURP0R2OHIWDQGIURP0RULJKWEF5HSURGXFHGIURPUHI

$VLPLODUVWUDWHJ\KDVDOVREHHQDGRSWHGIRUWKHV\QWKHVLVRIRWKHU70'VLH0R6H:6DQG
:6H OD\HUV0RUHRYHU=KRXHWDO V\QWKHVL]HGKLJKTXDOLW\+DQG7¶0R7H ILOPVZLWKKLJK
KRPRJHQHLW\3UHYLRXVO\ WKHV\QWKHVLVRIKLJKTXDOLW\7¶0R7HZDVGLIILFXOWGXH WR LWV LQKHUHQW
PHWDVWDELOLW\DWDPELHQWFRQGLWLRQVGHWDLOVRI70GLWHOOXULGHVDUHSUHVHQWHGLQ6HFWLRQZLWKDVPDOO
JURXQGVWDWH HQHUJ\ GLIIHUHQFH aPH9XQLW FHOO VHQVLWLYH WR WKH H[FHVV RU GHILFLHQF\ RI7H 
7KHUHIRUHLWLVLPSRUWDQWWRGHYHORSDIHDVLEOHV\QWKHVLVPHWKRGRI7¶0R7HZLWKKLJKFU\VWDOTXDOLW\
8VLQJWKHFRQWUROOHGWHOOXUL]DWLRQRI0R2DVVKRZQLQWKHVFKHPDWLFLOOXVWUDWLRQRI)LJXUHE+
0R7H ZRXOG EH REWDLQHG ZLWK D VXIILFLHQW 7H VRXUFH DQG 7ƍ 0R7H ZRXOG EH REWDLQHG XQGHU
LQVXIILFLHQW7H=KRXHWDODOVRIRXQGWKDWWKH70SUHFXUVRUGHWHUPLQHVWKHTXDOLW\DQGPRUSKRORJ\
RIWKHDVJURZQ7ƍ0R7H7ƍ0R7HJURZQIURP0R2KDVKLJKHUTXDOLW\DQGEHWWHUXQLIRUPLW\WKDQ
WKH7ƍ0R7HJURZQIURP0RILOP)LJXUHFGXHWRWKHGLIIHUHQWVXEOLPDWLRQ WHPSHUDWXUHDQG
DWRPLFPLJUDWLRQEHKDYLRU 
7RREWDLQKLJKTXDOLW\70'VZLWK WKHGHVLUHGQXPEHURI OD\HUVDQGZDIHUVFDOHXQLIRUPLW\ WKH
WKLFNQHVVRIWKHSUHGHSRVLWHG70SUHFXUVRUQHHGVWREHSUHFLVHO\FRQWUROOHG+RZHYHULWLVGLIILFXOWWR
DFKLHYHXQLIRUPDQGSUHFLVHWKLFNQHVVRIWKHSUHGHSRVLWHG70RU70R[LGHWKLQILOPV)XUWKHUPRUH
WKHDVV\QWKHVL]HGILOPLVJHQHUDOO\SRO\FU\VWDOOLQHZLWKDJUDLQVL]HRIVHYHUDOQDQRPHWHUVaQP
GXHWROLPLWHGVXUIDFHGLIIXVLRQRUPLJUDWLRQRIWKH70SUHFXUVRUV 
,QDGGLWLRQ WR WKH DIRUHPHQWLRQHGPHWKRGV70SUHFXUVRUVKDYHEHHQGHSRVLWHGE\GLSFRDWLQJ
VSXWWHULQJ HOHFWURQEHDP HYDSRUDWLRQ RU$/' LQ RUGHU WR ILQG D VXLWDEOH GHSRVLWLRQ FRQGLWLRQ IRU
XQLIRUPZDIHUVFDOHFKDOFRJHQDWLRQ%\FRQWUROOLQJWKHQXPEHURIF\FOHVRI$/'IRU:2GHSRVLWLRQ


6RQJHWDODFKLHYHG:6OD\HUVZLWKFRQWUROOHGWKLFNQHVV+RZHYHUWKHXVHRI$/'SUHFXUVRUVVXFK
DV:+L3U&SLVQRWHDV\RUSUDFWLFDEOH,QDGGLWLRQJURZWKLVDOVROLPLWHGWRVSHFLILFVXEVWUDWHV 
,QDQHIIRUWWRLQFUHDVHWKHJUDLQVL]H7DLHWDOLQWURGXFHGSUHDQQHDOHG0RIRLODVD70SUHFXUVRU
DQGREWDLQHG0R6PRQROD\HUZLWKDODUJHGRPDLQRIPRUHWKDQPLQVL]HDW&ZLWKLQPLQ
7KHKLJK WHPSHUDWXUHSUHDQQHDOLQJSURFHVVZDVXVHG WRHQODUJH WKHJUDLQVRI0RDQG LPSURYH WKH
RYHUDOOVDPSOHFOHDQOLQHVVVLPLODUWRWKHSUHWUHDWPHQWSHUIRUPHGGXULQJJUDSKHQHJURZWK$FFRUGLQJ
WRWKHVROLGVWDWHFU\VWDOJURZWKWKHRU\ WKH6DWRPVDURXQGWKH0RIRLOVXUIDFHZLOOILUVWSUHFLSLWDWH
ZKHQWKHVXUIDFHGLIIXVLRQUDWHRI6DWRPVRQWKH0RIRLOLVKLJKHUWKDQWKHEXONGLIIXVLRQUDWH7KHQ
WKH6DWRPVUHDFKVXSHUVDWXUDWLRQDQGILQDOO\UHDFWZLWKWKHWRSOD\HURI0RDWRPVRQWKH0RIRLO
7KH\ DOVR SUHVHQWHG WKH HIIHFW RI FU\VWDO RULHQWDWLRQ RI 0R RQ WKH V\QWKHVLV RI 0R6 WKLQ ILOPV
SUHIHUHQWLDOJURZWKRI0R6RQWKH0RIDFHWVGXHWRWKHKLJKHUELQGLQJHQHUJLHVRI6DWRPVRQ
0R DQGH9 WKDQRQ0R DQGH9FDOFXODWHGE\
SODFLQJWKH6DWRPRQWKHVXUIDFHRIDîîDQGîXQLWFHOORI0RVODEVUHVSHFWLYHO\

9DSRU'HSRVLWLRQ

7KHYDSRUGHSRVLWLRQPHWKRGLVRQHRIWKHZLGHO\VWXGLHGVWUDWHJLHVIRUSURGXFLQJODUJHDUHDDQG
KLJKTXDOLW\70'WKLQ¿OPVLQRUGHUWRPHHWWKHGHPDQGVRIRSWRHOHFWURQLFDQGHOHFWURQLFDSSOLFDWLRQV
DQGIXWXUHVFDOHXSIDEULFDWLRQ7KHUHIRUHFRQVLGHUDEOHHIIRUWKDVEHHQH[SDQGHGWRIXOO\XQGHUVWDQG
WKHJURZWKRI70'VXVLQJYDSRUGHSRVLWLRQ)LJXUHDSUHVHQWVDW\SLFDOH[SHULPHQWDOVHWXSIRUYDSRU
GHSRVLWLRQ(DFK70DQG6SUHFXUVRU0R2DQG6SRZGHUVUHSUHVHQWDWLYHO\ZDVSODFHGLQDTXDUW]
WXEH7KHUHDFWLRQSURFHVVIRUWKHYDSRUGHSRVLWLRQRI'70'VXVLQJ0R2DVD70SUHFXUVRULVDV
IROORZV L WKH HYDSRUDWHGPHWDO R[LGH SUHFXUVRU LV LQLWLDOO\ UHGXFHG E\ 6 YDSRU WR IRUP D YRODWLOH
0R2[6\LQWHUPHGLDWHSKDVHLL0R2[6\GLIIXVHVIURPWKHFDUULHUJDVRQWRWKHWDUJHWVXEVWUDWHLLLRQ
IXUWKHU UHDFWLRQ ZLWK WKH 6 YDSRU GXULQJ WKH PLJUDWLRQ 0R2[6\ LQLWLDWHV QXFOHDWLRQ DQG IRUPV
0R6IODNHV$VDUHVXOWWKHFRQFHQWUDWLRQRILQGLYLGXDOFKHPLFDOVSHFLHVDQGWKHLUUDWLRVWKHIORZUDWH
RIWKHFDUULHUJDVWKHJURZWKWHPSHUDWXUHDQGWKHVRXUFH±VXEVWUDWHFRQILJXUDWLRQDUHNH\SDUDPHWHUV
JRYHUQLQJWKHTXDOLW\DVZHOODVXQLIRUPLW\RIWKH70'VJURZQ7KHFRQWURODQGRSWLPL]DWLRQRIWKHVH
IDFWRUVSRVHFKDOOHQJHVIRUFRQWUROOLQJWKHQXFOHDWLRQGHQVLW\DQGVKHHWVL]HRIWKH'70'PDWHULDOV
,QSDUWLFXODUWKHVRXUFH±VXEVWUDWHFRQILJXUDWLRQLQFOXGLQJSUHFXUVRUPHWKRGVLVYHU\FUXFLDOEHFDXVH
LWFDQFRQWURODOOWKHIDFWRUVOLVWHGDERYH:LWKUHJDUGWRWKHFRQILJXUDWLRQRIWKHWDUJHWVXEVWUDWHZLWK
UHVSHFWWR70SUHFXUVRUWKHUHDUHWKUHHGLIIHUHQWDSSURDFKHVDVVKRZQLQ)LJXUHELSRLQWWRIDFH
LLKRUL]RQWDODQGLLLIDFHWRIDFH




)LJXUHD([SHULPHQWDOVHWXSRIWKHYDSRUGHSRVLWLRQIXUQDFHE6FKHPDWLFLOOXVWUDWLRQVRIWKUHH
FRQILJXUDWLRQVRIWKHWDUJHWVXEVWUDWHZLWKUHVSHFWWRPHWDOSUHFXUVRUSRLQWWRIDFHKRUL]RQWDODQG
IDFHWRIDFH5HSURGXFHGIURPUHI

,QWKHHDUO\VWDJHSRLQWWRIDFHDQGKRUL]RQWDOSUHFXUVRUVXSSO\DSSURDFKHVKDYHEHHQSURSRVHGIRU
JURZLQJ70'PRQROD\HUVZLWK FRQWUROODEOH WKLFNQHVV DQG ODUJH JUDLQ VL]H7KHVH DSSURDFKHV KDYH
LQYROYHGWKHXVHRIDVROLG70R[LGHSRZGHUDVDSUHFXUVRUHJ0R2/HHHWDOSURSRVHGDSRLQW
WRIDFHSUHFXUVRU VXSSO\ DSSURDFK WRJURZ ODUJHGRPDLQ70'VZLWK FRQWUROODEOH WKLFNQHVVHV7KH\
UHSRUWHGWKHVXFFHVVIXOV\QWKHVLVRIVLQJOHFU\VWDOOLQH0R6IODNHVGLUHFWO\RQ6L2VXEVWUDWHE\IDFLQJ
GRZQZDUGO\WRZDUGVWKH0R2SUHFXUVRU,WKDVEHHQZLGHO\XVHGDVDIUDPHZRUNIRUWKHIDEULFDWLRQRI
70' ILOPV +RZHYHU ZLWK WKH SRLQWWRIDFH FRQILJXUDWLRQ LW LV QRW HDV\ WR UHSURGXFLEO\ REWDLQ
XQLIRUP ODUJHDUHDPRQROD\HU ILOPV E\ XVLQJ WKLV SRZGHUEDVHG DSSURDFK7KLV LV DWWULEXWHG WR WKH
LQKRPRJHQHRXVGLVWULEXWLRQRIWKH0R2SRZGHUDQGWKHOLPLWHGFRQWURORYHUWKHQXFOHDWLRQGHQVLW\
IURPWKHIDVWNLQHWLFUHDFWLRQVDWKLJKWHPSHUDWXUHV ,Q WKLVUHJDUG:DQJHWDODQG5DMDQHWDO
VWXGLHGLQWHQVLYHO\WKHUHODWLRQVKLSEHWZHHQWKHPDVVUDWLRRIWKHSUHFXUVRUWRWKHPRUSKRORJ\HYROXWLRQ
RI0R6DQGWKHWHPSHUDWXUHDQGIORZUDWH$VVKRZQLQ)LJXUHDWKH0R2YDSRUFRQFHQWUDWLRQ
YDULHVGHSHQGLQJRQWKH0RVRXUFHDQGWKHJURZWKSRVLWLRQRQWKHVXEVWUDWHEDVHGRQZKLFKWKHUDWLR
EHWZHHQ0RDQG6YDULHVLQWKHUHDFWLRQDVVKRZQLQ)LJXUHE 




)LJXUHD6FKHPDWLFGLDJUDPRISRLQWWRIDFH&9'SURFHVVVKRZLQJWKHVSDWLDOVHFWLRQLQJRIWKH
JURZWKVXEVWUDWHZLWKYDULRXV0R2YDSRUFRQFHQWUDWLRQVDVDIXQFWLRQRIGLVWDQFHEHWZHHQ0R
VRXUFHDQGVXEVWUDWHE$)0LPDJHVIRUVKDSHHYROXWLRQRI0R6FU\VWDOVGHSHQGLQJRQWKHVSDWLDO
ORFDWLRQRIWKHVXEVWUDWHDE5HSURGXFHGIURPUHI

$VDUHVXOWWKHVKDSHDQGVL]HRIWKHJURZQ0R6GLIIHUVGHSHQGLQJRQWKHORFDWLRQ%DVHGRQWKH
UHVXOWV RI WKHVH VWXGLHV VWUDWHJLHV DUH QHHGHG WR GHOLYHU 70 SUHFXUVRUV VXIILFLHQWO\ DQG XQLIRUPO\
EHFDXVHWKHSRLQWWRIDFHVWUXFWXUHLVGLIILFXOWWREHDSSOLHGWRDYDULHW\RIUHDFWRUW\SHVDQGFRQGLWLRQV
DQGKDVOLPLWHGUHSURGXFLELOLW\ 
,QRUGHUWRGHPRQVWUDWHWKHV\QWKHVLVRIWULDQJXODUGRPDLQVDQGFRQWLQXRXV0R6ILOPV1DMPDHLHW
DOXVHGDKRUL]RQWDOVXSSO\FRQILJXUDWLRQLQVWHDGRIWKHSRLQWWRIDFHFRQILJXUDWLRQE\SODFLQJ0R2
QDQRULEERQFRYHUHGSODWHDORQJVLGHWKHWDUJHW6LVXEVWUDWHV+RZHYHUWKH0R6IODNHVREWDLQHGXVLQJ
KRUL]RQWDO FRQILJXUDWLRQ ZHUH DOVR LUUHJXODU DQG VKRZHG D SRVLWLRQGHSHQGHQW UHVXOW ZLWK ORZ
FRYHUDJH%RWKWKHFRQILJXUDWLRQVKDYHVKRZQWKDWFRQWUROOLQJWKHQXFOHDWLRQUHDFWLRQDWWKHLQLWLDO
JURZWKVWDJHLVRQHRIWKHLPSRUWDQWIDFWRUVIRUREWDLQLQJDODUJHGRPDLQVL]Hg]GHQHWDOVKRZHGWKDW
ODUJHUIODNHVFDQEHREWDLQHGHYHQZLWKWKHSRLQWWRIDFHDSSURDFKE\XVLQJFORVHGFUXFLEOHVWRDFKLHYH
DKLJKHUWUDQVLWLRQPHWDOSUHFXUVRUFRQILQHPHQWHIIHFWLQWKHJURZWK]RQH,QWKHLUVWXG\WKH\ZHUH
DEOHWRFRQWUROWKHVL]HDQGVKDSHRIWKHIODNHVE\FKDQJLQJWKHVXEVWUDWHFUXFLEOHW\SHVDQGDGMXVWLQJ
WKH60R2UDWLR 
7RDGGUHVVWKLVLVVXH:DQJHWDORULHQWHGWKHJURZWKVXEVWUDWHLQDYHUWLFDOSRVLWLRQZLWKLWVVXUIDFH
SHUSHQGLFXODU WR WKH JDV ÀRZ GLUHFWLRQ DQG LPSURYHG WKH XQLIRUPLW\ RI WKH SUHFXUVRU IHHGVWRFN
FRPSDUHG WR WKH KRUL]RQWDOO\ SRVLWLRQHG JURZWK VXEVWUDWHV 6XFK YHUWLFDOO\ ORDGHG VXEVWUDWHV FDQ
GHFUHDVHWKHWKLFNQHVVRIWKHERXQGDU\OD\HUįDQGUHGXFHWKHGLIIXVLRQHQHUJ\EDUULHUIRUSUHFXUVRUV
WRUHDFKWKHVXEVWUDWH,QFRQWUDVWZLWKDKRUL]RQWDOO\SRVLWLRQHGVXEVWUDWHWKHERXQGDU\OD\HULVPXFK


WKLFNHUWKDQWKDWZLWKDYHUWLFDOVXEVWUDWHUHVXOWLQJLQDVKDUSUHGXFWLRQLQWKHSUHFXUVRUFRQFHQWUDWLRQ
DVLWSDVVHVWKURXJKWKHERXQGDU\OD\HUZKLFKOLPLWVWKHJURZWKRIWKH70'ILOPV
8QOLNHWUDQVLWLRQPHWDORUWUDQVLWLRQPHWDOR[LGHSUHFXUVRUVZKLFKKDYHDKLJKPHOWLQJWHPSHUDWXUH
VHH7DEOHYRODWLOHFRPSRXQGSUHFXUVRUVVXFKDV0R&20R&ODQG:&OKDYHDKLJKYDSRU
SUHVVXUHHYHQDW UDWKHU ORZ WHPSHUDWXUHV & WKXVKDYLQJDKLJKHUSUHVVXUH WKDQWKDWRI70
SUHFXUVRULQWKHDWPRVSKHUH)RULQVWDQFH<XHWDOXVHG0R&ODVDSUHFXUVRUWRV\QWKHVL]H0R6
RYHUDZDIHUVFDOH'HSHQGLQJRQWKHSDUWLDOSUHVVXUHRI0R&OWKH\DOVRREWDLQHG0R6ILOPVZLWKWKH
FRQWUROOHG OD\HUQXPEHUV7KH\VXJJHVWHG WKDW WKHJURZWKPHFKDQLVPRIXQLIRUP0R6 ILOPVXVLQJ
0R&O VRXUFH LV D ³VHOIOLPLWLQJ´ SURFHVVZKLFK LV DVVXPHG WR EH WKH IRUPDWLRQ RI JDVHRXV0R6
IROORZHG E\ GLIIXVLRQ WR WKH VXEVWUDWH DQG IXUWKHU SUHFLSLWDWLRQ WR WKH0R6 IODNHV+RZHYHU WKH
TXDOLW\DQGJURZWKUDWHRIWKHJURZQPDWHULDOZHUHUHGXFHGIRUH[DPSOHWKHFDUULHUPRELOLWLHVRIWKH
0R6EDVHG )(7V ZHUH RQO\ ± FP9V )XUWKHUPRUH WUDQVLWLRQ PHWDO KDOLGHV DQG
KH[DFDUERQ\OV FDQ UHOHDVH KLJKO\ FRUURVLYH +&O DQG FDUERQDFHRXV UHVLGXHV XSRQ GHFRPSRVLWLRQ
UHVSHFWLYHO\DQGWKHVHUHVLGXDOVFDQFDXVHGHJUDGDWLRQRIWKHJURZQFU\VWDOV
2¶%ULHQHWDOSURSRVHGDIDFHWRIDFHJHRPHWU\IRUWKHJURZWKRI0R6PRQROD\HUVE\XVLQJOLTXLG
H[IROLDWHG0R2QDQRVKHHWVDVWKH70SUHFXUVRU7KLVFORVHSUR[LPLW\SUHFXUVRUVXSSO\ZDVDFKLHYHG
E\GURSFDVWLQJWKH0R2QDQRVKHHWVRQWRWKHVXEVWUDWHVDQGWKHQSODFLQJWKHJURZWKVXEVWUDWHVIDFH
GRZQRQWRSRIWKHP

0HWDO2UJDQLF&KHPLFDO9DSRU'HSRVLWLRQ02&9'

$VGHVFULEHGHDUOLHUVROLGSKDVHSUHFXUVRUVVXFKDV70R[LGHDQG6SRZGHUVKDYHEHHQXVHGIRU
ERWKGLUHFWYDSRUSKDVHFKDOFRJHQDWLRQDQGYDSRUGHSRVLWLRQ+RZHYHUVROLGSKDVHSUHFXUVRUVKDYH
OLPLWDWLRQVLQWKHFRQWLQXRXVDQGFRQVWDQWVXSSO\RISUHFXUVRUVGXULQJWKHJURZWKSURFHVVVLQFHLWLV
GLIILFXOW WRFRQWURO WKHYDSRUL]DWLRQRI WKHVROLGSUHFXUVRUZLWK WHPSHUDWXUH &RQVHTXHQWO\  WKH
WKLFNQHVVDQGFRYHUDJHRIWKHJURZQ70'ILOPVH[KLELWXQGHVLUDEOHYDULDWLRQV 
2QWKHRWKHUKDQGDJDVSKDVHSUHFXUVRUKDVWKHDGYDQWDJHRISURYLGLQJFRQWUROODELOLW\7KRXJKD
JDVSKDVH SUHFXUVRU IRU0R DQG: KDV QRW \HW EHHQ UHSRUWHG D OLTXLGSKDVH SUHFXUVRU FDQ EH DQ
DOWHUQDWLYH02&9'KDVEHHQXVHGZLGHO\IRUWKHV\QWKHVLVRI,,,9VHPLFRQGXFWRUVVXFKDV$O*D
,Q13$VXVLQJOLTXLGSUHFXUVRUVZLWKDEXEEOHUV\VWHP.DQJHWDOUHSRUWHGWKH02&9'JURZWK
RIKLJKO\KRPRJHQHRXVDQGLQFKVFDOH0R6DQG:6DWDJURZWKWHPSHUDWXUHRIa&XVLQJD
FRPELQDWLRQRIGLHWK\OVXOILGH&+6OLTXLGSKDVHZLWKDPHOWLQJSRLQWRI&DQGPRO\EGHQXP
KH[DFDUERQ\O0R&2VROLGSKDVHZLWKDORZPHOWLQJSRLQWRI&)LJXUHD7KHUHVXOWLQJ
ILOPVVKRZHGKLJKO\FRQVWDQWHOHFWULFDOSURSHUWLHVRYHUWKHHQWLUHLQFKDUHDWKHDYHUDJHJUDLQVL]H
LQFUHDVHVIURPKXQGUHGVRIQDQRPHWHUVWRPRUHWKDQȝPE\FRQWUROOLQJ+IORZLQFOXGLQJDKLJK
HOHFWURQPRELOLW\RIFP9íVíIRU0R6DQGFP9íVíIRU:6DW578VLQJPRQROD\HU0R6


ILOPWKH\IDEULFDWHGZDIHUVFDOH)(7VZLWKDGHYLFH\LHOGDQGYHUWLFDOO\VWDFNHGWUDQVLVWRUGHYLFHV
WKURXJKPXOWLOHYHOIDEULFDWLRQIRU'FLUFXLWU\7KLVZRUNVXJJHVWHGWKHIHDVLELOLW\RIZDIHUVFDOHEDWFK
IDEULFDWLRQ RI KLJKSHUIRUPDQFH GHYLFHV DQG QH[WJHQHUDWLRQ LQWHJUDWHG FLUFXLWV ,&V ZLWK 70'
PRQROD\HUV)LJXUHE+RZHYHUWKHJURZWKWLPHIRUWKHFRPSOHWHPRQROD\HU0R6ILOPZDVORQJ
aKWKLVFDVHEULQJVLQWRTXHVWLRQWKHZKROHSXUSRVHRIWKH02&9'SURFHVVDQGWKHUHIRUHLWLVVWLOO
QHFHVVDU\WRILQGQHZGHYHORSPHQWVWUDWHJLHV,QDGGLWLRQFDUERQEDVHGFRQWDPLQDWLRQVIURPWKHPHWDO
RUJDQLFFRPSRXQGVLQSUHFXUVRUVFRXOGEHLQWURGXFHGGXULQJWKHUHDFWLRQZKLFKPD\EHXQGHVLUDEOH
IRUHOHFWURQLFDSSOLFDWLRQV
,Q DQ HIIRUW WR UHVROYH WKH LVVXH RI JURZWK WLPH .DODQ\DQ HW DO SURSRVHG D SXOVHG 02&9'
PHWKRG7KHSXOVHGLQMHFWLRQVWUDWHJ\FRQWULEXWHGWRDFKLHYLQJOD\HUHG0R6DWDFRPSDUDWLYHO\ORZ
UHDFWLRQWHPSHUDWXUHRI&DQGVKRUWGHSRVLWLRQWLPHVDSSUR[LPDWHO\VIRUIHZOD\HU¿OPV
7KH\DOVRJUHZILOPVRIYDULRXVWKLFNQHVVHVE\YDU\LQJWKHQXPEHURILQMHFWHGSXOVHV7KLVUHODWLYHO\
ORZ WHPSHUDWXUH DQG IDVW SURFHVVLQJ FRXOG EH DGYDQWDJHRXV IRU DSSOLFDWLRQV UHTXLULQJ WKHUPDO
FRPSDWLELOLW\ZLWKÀH[LEOHJODVVVXEVWUDWHVDQGORZF\FOHWLPHVIRUUROOWRUROOSURFHVVLQJ+RZHYHUWKH
JUDLQ VL]HVRI WKHVHFRQWLQXRXV ILOPVDUH VWLOO OLPLWHG WR D IHZPLFURPHWHUVZKLFKXQGHUPLQH WKHLU
SHUIRUPDQFHDQGDSSOLFDWLRQVLQHOHFWURQLFVEHFDXVHRIWKHVFDWWHULQJRIFDUULHUVDW*%V


)LJXUHD'LDJUDPRI02&9'JURZWKVHWXSDQGSKRWRJUDSKVRIPRQROD\HU0R6DQG:6ILOPV
JURZQRQLQFKIXVHGVLOLFDVXEVWUDWHVZLWKEDUHVLOLFDIRUFRPSDULVRQE6FKHPDWLFLOOXVWUDWLRQIRU
PXOWLOD\HUGHYLFHIDEULFDWLRQRI0R6GHYLFH6L2E\DOWHUQDWLQJ02&9'SURFHVVWRS)DOVHFRORU
6(0LPDJHRIWZROD\HU0R6)(7DUUD\VDQG,6'í96'FXUYHVREWDLQHGIURPWKH¿UVWDQGVHFRQG
OD\HUVRI0R6)(7VUHVSHFWLYHO\ERWWRP5HSURGXFHGIURPUHI 


&+$37(5
6\QWKHVLVRI'70'VRQ*UDSKHQHIRU9HUWLFDOYG:+HWHURVWUXFWXUHV

9DSRU3KDVH*URZWKRI70'V%DVHG9HUWLFDO+HWHURVWUXFWXUHV

7KHVHDWRPLFDOO\WKLQ70'VFDQDOVREHFRPELQHGZLWKRWKHU'PDWHULDOVVXFKDVJUDSKHQHK
%1 DQG GLIIHUHQW 70'VPDWHULDOV WR IRUP YG: KHWHURVWUXFWXUHV LQ ZKLFKPXOWLSOH OD\HUV RI '
PDWHULDODUHYHUWLFDOO\VWDFNHGOD\HU±E\±OD\HURUVWLWFKHGWRJHWKHUVHDPOHVVO\LQDSODQHWRIRUPODWHUDO
KHWHURMXQFWLRQV +HWHURVWUXFWXUHV EDVHG RQ ' PDWHULDOV KDYH UHFHQWO\ HPHUJHG DV D QHZ DUHD RI
UHVHDUFKLQFRQGHQVHGPDWWHUSK\VLFVDQGPDWHULDOVVFLHQFH0DQ\QRYHOSK\VLFDOSURSHUWLHVUHODWHGWR
HOHFWURQ±HOHFWURQ ERQGLQJ DQG HOHFWURQ±SKRQRQ ERQGLQJ GXH WR OD\HU±OD\HU LQWHUDFWLRQV KDYH EHHQ
H[SORUHG LQ WKHVH YG: KHWHURVWUXFWXUHV ,Q DGGLWLRQ WKH HQHUJ\ EDQG DOLJQPHQW DQG FKDUJH FDUULHU
PRELOLW\RIVXFKKHWHURVWUXFWXUHVFDQEHDGMXVWHGE\VHOHFWLQJWKHFRPSRQHQWVRIWKHKHWHURVWUXFWXUH
WKDW PHHW YDULRXV DSSOLFDWLRQ UHTXLUHPHQWV 7KXV QHZ PDWHULDOV DQG V\VWHPV FDQ EH GHVLJQHG E\
DFFXUDWHO\GHVLJQLQJWKHFRPSRQHQWVDQGVHTXHQFHVXVHGWRFRQVWUXFWKHWHURVWUXFWXUHV
7KHUHDUHJHQHUDOO\WZRW\SHVRI'KHWHURVWUXFWXUHPDWHULDOVDYHUWLFDOKHWHURVWUXFWXUHLQZKLFK
GLIIHUHQW ' PDWHULDOV DUH VWDFNHG YHUWLFDOO\ ZLWKRXW RYHUODSSLQJ EHWZHHQ OD\HUV DQG D ODWHUDO
KHWHURVWUXFWXUHZKHUHGLIIHUHQW'PDWHULDOVDUHSHUIHFWO\ERQGHGWRRQHDQRWKHULQWKHVDPHSODQHYLD
FRYDOHQWERQGV,QWKHFDVHRIYHUWLFDO'KHWHURVWUXFWXUHVPXOWLSOHVWHSOD\HU±E\±OD\HUVWDFNLQJZDV
HDVLO\LPSOHPHQWHGEHFDXVHLQWHUOD\HULQWHUDFWLRQVDUHPDLQO\GXHWRWKHYG:KHWHURVWUXFWXUHDQGWKHUH
LV OLWWOHRUQRGHPDQG IRU ODWWLFHPDWFKLQJEHWZHHQ WKHGLIIHUHQW OD\HUV<XHWDO UHSRUWHG D W\SLFDO
H[DPSOHRIDYHUWLFDOWUDQVLVWRUGHYHORSHGE\FRPELQLQJH[IROLDWHGJUDSKHQHDQG0R6IODNHV7KH\
SURSRVHGDQHZGHYLFHVWUXFWXUHLQVWHDGRIDFRQYHQWLRQDOGHYLFHVWUXFWXUHWKDWKRUL]RQWDOO\FRQQHFWV
WKH HOHFWURGHV DQG UHSRUWHG WKDW WKH 6FKRWWN\ EDUULHU IRUPHG EHWZHHQ JUDSKHQH DQG0R6 FDQ EH
HIILFLHQWO\FRQWUROOHGWRKDYHDKLJKFXUUHQWGHQVLW\RYHU$FP$VDQRWKHUH[DPSOHVLQJOHOD\HU
0R6:6HKHWHURVWUXFWXUHVZHUHREWDLQHGE\WUDQVIHUULQJIODNHVRIGLIIHUHQWPDWHULDOVWRDIODNHRI
DQRWKHUPDWHULDOXVLQJDSRO\PHWK\OPHWKDFU\ODWH300$±DVVLVWHGPHWKRG 
+RZHYHUWKHDOLJQHGVWDFNLQJRILQGLYLGXDOH[IROLDWHGRUWUDQVIHUUHGIODNHVLVWLPHFRQVXPLQJDQG
VXLWDEOHRQO\IRUPDQXIDFWXULQJRQHGHYLFHDWDWLPHZKLFKLVGLVDGYDQWDJHRXVWRPDVVSURGXFWLRQ,Q
DGGLWLRQFRQWDPLQDWLRQFDXVHGE\WUDSSHGLPSXULWLHVRUUHVLGXHVDWWKHLQWHUIDFHDQGGDPDJHGXULQJWKH
WUDQVIHUSURFHVVFDQDGYHUVHO\DOWHUWKHLQWULQVLFSURSHUWLHVRIHDFKLQGLYLGXDOPDWHULDODQGWKHUHVXOWLQJ
KHWHURVWUXFWXUHV7KHUHIRUH WKHGHYHORSPHQWRI&9'EDVHGPHWKRGVWRSUHSDUH'KHWHURVWUXFWXUHV
KDVEHHQH[SORUHGWRQRWRQO\SUHYHQWFRQWDPLQDWLRQDWWKHLQWHUOD\HULQWHUIDFHEXWDOVRWRFRQWUROWKH
ODPLQDWLRQGLUHFWLRQZKLFKJUHDWO\DIIHFWVWKHHOHFWULFDODQGRSWLFDOSURSHUWLHVRIWKHVWUXFWXUHV
 


70'%DVHG9HUWLFDO+HWHURVWUXFWXUHVZLWK'LIIHUHQW70'V

70'70'KHWHURVWUXFWXUHVKDYHDWWUDFWHGPXFKDWWHQWLRQEHFDXVHWKHVWDFNLQJRIGLIIHUHQW70'V
FDQEHXVHGWRIRUPVHYHUDOW\SHVRIKHWHURVWUXFWXUHVRZLQJWRWKHLUZLGHEDQGJDSDQGHOHFWURQDIILQLW\
7RIDEULFDWHDUWLILFLDO70'70'YHUWLFDOKHWHURVWUXFWXUHVZLWKDWRPLFDOO\FOHDQDQGVKDUSLQWHUIDFHV
DRQHVWHS&9'PHWKRGZDVGHYHORSHGZLWKWKHDGGLWLRQRI7HIRUDFFHOHUDWLQJWKHPHOWLQJRI:SRZGHU
GXULQJWKHJURZWKSURFHVV,QWKLVVWXG\0R2SRZGHULVSODFHGLQIURQWRIDEDUH6L26LZDIHUIRU
JURZLQJ0R6ZKLOHDPL[HGSRZGHURI:DQG7HLVVFDWWHUHGRQWKHZDIHUIRUJURZLQJ:6)LJXUH
DF7KHGLIIHUHQFHVLQQXFOHDWLRQDQGJURZWKUDWHVFDXVHWKHVHTXHQWLDOJURZWKRI0R6DQG:6
LQVWHDGRI0R[:[6DOOR\IRUPDWLRQDQGWKHSUHFLVHUHDFWLRQWHPSHUDWXUHGHWHUPLQHVWKHVWUXFWXUHRI
WKHILQDOSURGXFW$WKLJK WHPSHUDWXUHV aÛ&:6PRQROD\HUZDVHSLWD[LDOO\JURZQRQ WRSRI
0R6 DQG SUHGRPLQDQWO\ YHUWLFDOO\ VWDFNHG ZLWK WKH SUHIHUUHG + VWDFNLQJ RUGHU 6HYHUDO VLPLODU
UHSRUWV RI &9' JURZWK IRU YDULRXV YHUWLFDO KHWHURVWUXFWXUHV VXFK DV :60R6 :6H0R6H
:6H0R6DQG0R6:6HKDYHEHHQGHPRQVWUDWHGWKURXJKWKHVLPXOWDQHRXVUHDFWLRQRIHLWKHU70
EDVHG SUHFXUVRUV RU FKDOFRJHQV  )XUWKHUPRUH WKH VHTXHQWLDO WZRVWHS V\QWKHVLV RI 70'
KHWHURVWUXFWXUHVZDVDOVRUHSRUWHGE\*RQJHWDOIRUWKHILUVWWLPHZKHUH0R6HZDVV\QWKHVL]HGILUVW
IROORZHGE\WKHHSLWD[LDOJURZWKRI:6HRQWKHHGJHDQGRQWKHWRSVXUIDFHRI0R6H7KHLUWZRVWHS
JURZWKSURFHVVJHQHUDWHGZHOOGHILQHG+DQG5VWDFNLQJLQWKH:6H0R6HELOD\HUUHJLRQV 

)LJXUHD6FKHPDWLFRIWKHV\QWKHVLVSURFHVVIRUERWKYHUWLFDODQGODWHUDOKHWHURVWUXFWXUHVE
2SWLFDOLPDJHRIWKH:60R6YHUWLFDOKHWHURVWUXFWXUHV\QWKHVL]HGDWR&IRU5DPDQ
FKDUDFWHUL]DWLRQF5DPDQVSHFWUDPHDVXUHGRQWKHIRXUSRLQWVLQEDF5HSURGXFHGIURPUHI


+RZHYHUWKHVHKHWHURHSLWD[\EDVHG&9'JURZQ'70'KHWHURVWUXFWXUHVKDYHOLPLWDWLRQVLQWKDW
WKHLUORFDWLRQVL]HWKLFNQHVVDQGXQLIRUPLW\FDQQRWEHFRQWUROOHG$FKDOFRJHQDWLRQRI70SUHFXUVRU
ILOPVFDQSURYLGHVFDODELOLW\DQGSDWWHUQDELOLW\WRWKHUHVXOWLQJYHUWLFDOKHWHURVWUXFWXUHV7KURXJKD
WZRVWHSLQGLYLGXDOFKDOFRJHQDWLRQSURFHVV;XHHWDOREWDLQHGSHULRGLFDUUD\VRI0R6:6YHUWLFDO
KHWHURVWUXFWXUHVE\SUHYHQWLQJWKHSKDVHPL[LQJRI70'VHIIHFWLYHO\LQDQXQSUHGLFWHGPDQQHU

70'V%DVHG9HUWLFDO+HWHURVWUXFWXUHVZLWK*UDSKHQHRUK%1

70'V*UDSKHQHEDVHGVHPLFRQGXFWRUPHWDOYHUWLFDOKHWHURVWUXFWXUHVDUHQRWHGLQWKDWWKH\XWLOL]H
ERWKWKHDGYDQWDJHVRI70'VZLWKDZLGHFKRLFHRIFRPSRVLWLRQVDQGEDQGJDSVDQGJUDSKHQHZLWK
WXQDEOH ZRUN IXQFWLRQ H[FHOOHQW HOHFWULFDO DQG PHFKDQLFDO SURSHUWLHV $FFRUGLQJO\ WKHVH
KHWHURVWUXFWXUHVVKRZXQLTXHFKDUDFWHULVWLFV LQHOHFWURQLFDQGRSWRHOHFWURQLFDSSOLFDWLRQV:KHQ
FRQVLGHULQJ WKDW WKHPRVWFRPPRQO\XVHGPHFKDQLFDOH[IROLDWLRQDQGDOLJQHGVWDFNLQJPHWKRGVDUH
GLIILFXOWDQGRQO\DYDLODEOHIRULQGLYLGXDOGHYLFHIDEULFDWLRQLWLVKLJKO\LPSRUWDQWWRGHYHORSWKH&9'
EDVHGIDEULFDWLRQPHWKRGIRUKHWHURVWUXFWXUH
+RZHYHU DW WKH W\SLFDO JURZWK WHPSHUDWXUHV IRU KLJKTXDOLW\ JUDSKHQH RU K%1 RYHU  Û&
70'VFDQSRVVLEO\GHFRPSRVHVHH7DEOH 


7DEOH'LVVRFLDWLRQWHPSHUDWXUHVRIJURXS9,70'V5HSURGXFHGIURPUHI

0RUHRYHUPHWDOVXEVWUDWHVVXFKDV&XRU1LZKLFKDUHPRVWFRPPRQO\XVHGIRUJUDSKHQHJURZWK
FDQ EH FRUURGHG E\ WKH FKDOFRJHQ YDSRU DW DQ HOHYDWHG WHPSHUDWXUH7KXV WKHUH LV QR ZD\ EXW WR
V\QWKHVL]H70'VRQWUDQVIHUUHGJUDSKHQHRUK%1IRU&9'EDVHGKHWHURVWUXFWXUHV\QWKHVLV2QH
RIWKHHDUOLHVWUHSRUWHGDWWHPSWVWRIDEULFDWHWKH0R6JUDSKHQHKHWHURVWUXFWXUHZDVE\$JRHWDOXVLQJ
$3&9')LJXUHDEVKRZV WKDW WKHRULHQWDWLRQRI0R6FRLQFLGHVZLWKWKHRULHQWDWLRQRI WKH
JUDSKHQHWHPSODWHH[KLELWLQJKHWHURHSLWD[LDOJURZWK
 LQDLU
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WRUU
0R6 & & :6 & &
0R6H & & :6H & &
0R7H & & :7H R& &




)LJXUHD6(0LPDJHRIWKHREWDLQHG0R6JUDSKHQHKHWHURVWUXFWXUH,QVHWDFXUUHQWPDSRIWKH
0R6JUDLQE6HOHFWHGDUHDGLIIUDFWLRQIURPRQH0R6JUDLQDE5HSURGXFHGIURPUHI

6LPLODUO\ :DQJ HW DO UHSRUWHG D VFDODEOH &9' PHWKRG IRU DFKLHYLQJ 0R6K%1 YHUWLFDO
KHWHURVWUXFWXUHV$ ODUJHDUHD K%1 ILOP ZDV JURZQ RQ D &X VXEVWUDWH E\ WKH &9' PHWKRG DQG
WUDQVIHUUHGRQWRD6L26LVXEVWUDWH7KHQ0R2DQG6SRZGHUVZHUHXVHGDVSUHFXUVRUVWRJURZWKH
LQGLYLGXDO0R6GRPDLQVGLUHFWO\RQWKHHQWLUHK%1VXUIDFH<DQHWDODOVRUHSRUWHGWKHGLUHFWJURZWK
RI PRQROD\HU 0R6 RQ K%1 IODNHV H[IROLDWHG E\ VFRWFK WDSH 7KH DVJURZQ 0R6K%1
KHWHURVWUXFWXUHVKRZHGFRQVLGHUDEO\VWDEOHHOHFWULFDOHQYLURQPHQWDOVFDWWHULQJDQGDKLJKSRWHQWLDO 
+RZHYHUUHJDUGOHVVRIWKHWDUJHWVWUXFWXUHWKHVHSUHYLRXVUHSRUWVKDYHVKRZQFRPPRQGLIILFXOWLHV
DVVRFLDWHGZLWK D ORFDOL]HG JURZWK DUHD DQG D OLPLWHG IODNH VL]H RI DSSUR[LPDWHO\ VHYHUDO KXQGUHG
QDQRPHWHUVEHFDXVHRIWKHKLJKHQHUJ\EDUULHUIURPWKHLQHUWVXUIDFHRIWKHJURZWKWHPSODWH7KHUHIRUH
WKH JURZWK VKRXOG EH IXUWKHU VWXGLHG WR REWDLQ ODUJHDUHD XQLIRUP KHWHURVWUXFWXUHV RI KLJK FU\VWDO
TXDOLW\IRUSRWHQWLDODSSOLFDWLRQV,QDGGLWLRQWRWKHXQLIRUPLW\DQGFU\VWDOTXDOLW\HIILFLHQWLQWHUOD\HU
LQWHUDFWLRQVDUHDQRWKHUFULWLFDOIDFWRUIRUWKHSUHSDUDWLRQRIWKHKHWHURVWUXFWXUHV,QSDUWLFXODUIRUWKH
SKRWRGHWHFWRUVDQGSKRWRYROWDLFGHYLFHVWKDWXVH70'VDVWKHOLJKWDEVRUSWLRQOD\HUDQGJUDSKHQHDV
WKHFKDUJHWUDQVSRUW OD\HU WKHJHQHUDWHGSKRWRFDUULHUVDUHHIIHFWLYHO\ WUDQVIHUUHG IURP WKH70'VWR
JUDSKHQHEHIRUHUHFRPELQDWLRQ 
,QKHUHZHLQWURGXFHGWKHVRXUFHFRQWDFWJHRPHWU\EHWZHHQVRXUFHDQGVXEVWUDWHDQGRSWLPL]HG
GLUHFW JURZWKPHWKRG IRU KLJK TXDOLW\ DQG XQLIRUP:6 IODNHV RQ JUDSKHQHZLWK VWURQJ LQWHUOD\HU
FRXSOLQJ 7KLV DSSURDFK DOORZV WKH IRUPDWLRQ RI :6JUDSKHQH KHWHURVWUXFWXUH KDYLQJ LQFUHDVHG
GRPDLQVL]HVDQGHQKDQFHGFRYHUDJHRIPRQROD\HU:6ZLWKRXWDFRPSURPLVHZLWKWKHTXDOLW\RI:6
DQGVLJQLILFDQWGDPDJHRQJUDSKHQH3DUWLFXODUO\WKHV\PPHWULFDODQGQDUURZSKRWROXPLQHVFHQFHSHDN
UHYHDO WKHVXSHULRUFU\VWDOOLQLW\RIJURZQ:6FRPSDUHG WR WKDWREWDLQHGE\GLIIHUHQWFRQYHQWLRQDO
PHWKRGVXFKDVH[IROLDWLRQPHWKRGDQG&9'JURZWKZLWKRSHQHGJHRPHWULHV2XUHIIRUWVWRV\QWKHVL]H


KLJKTXDOLW\DQGHQODUJHGVL]HRI70'OD\HUVGLUHFWO\RQ*UDSKHQHZLWKKLJKVXUIDFHFRYHUDJHFDQSDYH
WKHZD\IRUYDULRXVDSSOLFDWLRQVLQWKHIXWXUHRI70'KHWHURVWUXFWXUHV 


([SHULPHQWDO0HWKRGV

3UHSDUDWLRQRIJUDSKHQHVXEVWUDWH
*UDSKHQHZDVJURZQRQȝPWKLFN&XIRLOV$OID$HVDUSXULW\WKDWKDGEHHQSUHYLRXVO\
FXWZLWKUD]RUEODGHLQWRFPuFPVWULSVXVLQJDKRPHPDGHKRWZDOOHG&9'V\VWHP7KHVHVWULSV
ZHUHHOHFWURFKHPLFDOO\SROLVKHGLQSKRVSKRULFDFLGIRUPLQWRFOHDQWKHEDUH&XVXUIDFHDQGZHUH
VXEVHTXHQWO\ULQVHGZLWKGLVWLOOHGZDWHUIROORZHGE\LVRSURS\ODOFRKRO7KHQWKH&XVWULSVZHUHORDGHG
LQWRDLQFKTXDUW]WXEHIROORZHGE\HYDFXDWLQJWKHFKDPEHUWRaP7RUUWKHWHPSHUDWXUHZDVWKHQ
LQFUHDVHGWRa&XQGHUDQ+HQYLURQPHQW+IORZUDWHRIVFFP$IWHUDQQHDOLQJRIWKH
&XVWULSVIRUPLQWKHJUDSKHQHZDVV\QWKHVL]HGE\LQWURGXFLQJPHWKDQHJDV&+IORZUDWHRI
VFFPDQGWKHQFRROLQJWKH&XVWULSVXQGHUWKHVDPHFRQGLWLRQV)ROORZLQJWKHJURZWKJUDSKHQHOD\HUV
ZHUH WUDQVIHUUHG RQWR 6L26L IRU IXUWKHU LQYHVWLJDWLRQ XVLQJ D FRQYHQWLRQDO ZHWWUDQVIHU PHWKRG
DVVLVWHG E\ SRO\PHWK\OPHWKDFU\ODWH VXSSRUWLQJ OD\HU DQGDQ DTXHRXV VROXWLRQ RI 0DPPRQLXP
SHUVXOIDWH
'LUHFWV\QWKHVLVRI:6*UKHWHURVWUXFWXUHV
*URZWKRI:6ZDVFDUULHGRXWRQXVLQJDWZR]RQHIXUQDFHV\VWHPZLWKD:2WKLQILOPDVWKH:
VRXUFHDQG6SRZGHU6LJPD$OGULFKDVWKH6VRXUFH)RUWKHXQLIRUPVRXUFHQPRI:2
WKLQ ILOP ZDV HYHQO\ GHSRVLWHG RQWR 6L26L XVLQJ DQ HEHDP HYDSRUDWRU :2 SHOOHWV 7DH:RQ
7KHREWDLQHGJUDSKHQHVXEVWUDWHZDVSODFHGIDFHWRIDFHRQWRSRI:2ILOP7KLV:2*U
DVVHPEO\ZDVORDGHGDWWKHFHQWHURIWKHKHDW]RQHRIWKHIXUQDFHZLWK6SRZGHUFRQWDLQLQJERDWDWWKH
XSVWUHDPRIWKHIXUQDFH%HIRUHKHDWLQJWKHZKROHIXUQDFHV\VWHPZDVSXUJHGZLWKVFFP$UJDV
7KHQVFFP$UZDV LQWURGXFHG LQWR WKH V\VWHPDV DFDUULHUJDV DQG WKH V\VWHPZDV
JUDGXDOO\KHDWHGXSWRR&$IWHUUHDFKLQJR&6SRZGHUZDVVWDUWHGWRPHOWKHDWHGWRR&
XVLQJWKHHTXLSSHGKHDWLQJMDFNHWDQGNHSWFRQVWDQWIRUZKROHJURZWKSURFHVVPLQ
&KDUDFWHUL]DWLRQV
6(PRGHDQG%6(PRGH6(0PHDVXUHPHQWVZHUHSHUIRUPHGXVLQJD&ROG)(6(0+LWDFKL68
ZLWKDQDFFHOHUDWLQJYROWDJHRIN97KHVXUIDFHPRUSKRORJLHVRI:6*UVDPSOHVZHUHREVHUYHG
XVLQJDQ$)0%UXNHU0XOWLPRGHRSHUDWLQJLQWDSSLQJPRGH7KHRSWLFDODEVRUEDQFHRID:6*U
WKDWZDVWUDQVIHUUHGRQWRDJODVVVXEVWUDWHZDVPHDVXUHGXVLQJ89YLVVSHFWURVFRS\9DULDQ&DU\
EHWZHHQWRQPLQGXDOEHDPPRGH7KH5DPDQVSHFWURVFRS\DQGPDSSLQJZHUHREWDLQHGXVLQJ
D:L7HF$OSKD505DPDQV\VWHPHTXLSSHGZLWKDFRPSXWHUFRQWUROOHG[\WUDQVODWLRQVWDJHDQG
DQPH[FLWDWLRQVRXUFH'XULQJWKHPHDVXUHPHQWVWKHODVHUSRZHUZDVNHSWEHORZP:DWWKH
VDPSOHWRDYRLGODVHULQGXFHGWKHUPDOHIIHFWVRUGDPDJH7KH;36VSHFWUDZHUHPHDVXUHGE\D.DOSKD
VSHFWURPHWHU 7KHUPR )LVKHU XVLQJ D QRQPRQRFKURPDWLF DOXPLQXP .Į ;UD\ H[FLWDWLRQ VRXUFH
RSHUDWHGDWDSRZHURI:WKHGLDPHWHURIWKHDQDO\VLVDUHDZDVaPPDQGWKHSDVVHQHUJ\IRUWKH
HOHFWURQDQDO\VLVZDVH97KHEDVHSUHVVXUHRIWKHDQDO\VLVFKDPEHUZDVOHVVWKDQauPEDU


)RU7(0REVHUYDWLRQVWKH:6*UKHWHURVWUXFWXUHVDQGLQGLYLGXDO:6IODNHVJURZQRQ6L26L
ZHUHWUDQVIHUUHGRQWR7(0JULGVE\ZHWWUDQVIHUPHWKRG+LJKUHVROXWLRQ+57(0LPDJHVDQGWKH
FRUUHVSRQGLQJ6$('SDWWHUQVRIWKHVDPSOHVZHUHREWDLQHGRQD)(,7LWDQFXEH*DW81,67
ZKLFKZDV HTXLSSHGZLWK DQ LPDJHDEHUUDWLRQ FRUUHFWRU DQGPRQRFKURPDWRU7KHPLFURVFRSHZDV
RSHUDWHGDWDQDFFHOHUDWLRQYROWDJHRIN9WRGHFUHDVHEHDPGDPDJHWRWKHVDPSOHV 
3/VSHFWUDZHUHFROOHFWHGXVLQJWKHQPH9OLQHRIDQ$ULRQODVHUDV WKHH[FLWDWLRQ
VRXUFH)RUPLFUR3/PHDVXUHPHQWVWKHODVHUEHDPZDVIRFXVHGRQWRDVDPSOHE\DuPLFURVFRSH
REMHFWLYHOHQV1$DQGWKHVFDWWHUHGOLJKWZDVFROOHFWHGDQGFROOLPDWHGE\WKHVDPHREMHFWLYHOHQV
7KHODVHUSRZHUZDVNHSWEHORZȝ:7RLQYHVWLJDWHWKHWHPSHUDWXUHGHSHQGHQFHRIWKH3/VLJQDO
ZHXVHGDPDFUR3/V\VWHP LQTXDVLEDFNVFDWWHULQJJHRPHWU\7KH ODVHUEHDPZDV IRFXVHGZLWKD
VSKHULFDOOHQVWRDVSRWRIaȝPVL]H7KHVDPSOHZDVPRXQWHGLQDFORVHGF\FOHUHIULJHUDWRU&&5
DQGWKHWHPSHUDWXUHZDVYDULHGIURPWR.7KHODVHUSRZHUZDVPDLQWDLQHGEHORZP:IRUDOO
RIWKHPHDVXUHPHQWV7KHVFDWWHUHGVLJQDOZDVGLVSHUVHGE\D-RELQ<YRQ+RULEDL+5VSHFWURPHWHU
JURRYHVPPDQGGHWHFWHGZLWKDOLTXLGQLWURJHQFRROHGEDFNLOOXPLQDWHGFKDUJHFRXSOHGGHYLFH
GHWHFWRU


 


(SLWD[LDO*URZWKRI70'VRQ&9'*URZQ*UDSKHQHXVLQJ&RQWDFW0RGH

)LJXUHDSUHVHQWVDVFKHPDWLFRIDWZR]RQHIXUQDFHV\VWHPIRUWKHGLUHFWJURZWKRI:6OD\HUV
RQJUDSKHQHZLWK:2WKLQILOPDVDWXQJVWHQVRXUFHDQG6SRZGHUDVDVXOIXUVRXUFH)RUWKHXQLIRUP
VRXUFHVXSSO\QPRI:2WKLQILOPZDVGHSRVLWHGHYHQO\XVLQJHOHFWURQEHDPHYDSRUDWRUWKHQLW
SODFHGRQJUDSKHQHVXEVWUDWHZLWKIDFHWRIDFHFRQWDFW)LJXUHDIRULQFUHDVLQJWKHHYDSRUDWHGPDVV
UDWLRSHUDUHDLQVXUIDFHVRXUFHPRGHOE\GHFUHDVLQJWKHVRXUFHVXEVWUDWHGLVWDQFH 
3ULRUWRDGHHSHUDQDO\VLVRIWKHJURZQ:6RULWVKHWHURVWUXFWXUHXVLQJWKHVRXUFHFRQWDFWJHRPHWU\
WKHGLUHFWO\JURZQKHWHURVWUXFWXUHZDVFRPSDUHGWRGLIIHUHQW:6*UKHWHURVWUXFWXUHVSUHSDUHGXVLQJ
DQRSHQHGJHRPHWU\DQGLQGLUHFWJURZWKDVGHSLFWHGLQ)LJXUHDW\SH%WKHGLUHFWJURZWKRI:6
RQ*U6L26LXVLQJ:2SRZGHUHYDSRUDWLRQZLWKDQRSHQHGJHRPHWU\DQGW\SH&WKHJURZWKRI
:6IODNHVRQEDUH6L26LXVLQJWKHFRQWDFWJHRPHWU\DQGWKHVXEVHTXHQWWUDQVIHURIWKRVHIODNHVWR
*U6L26L 


)LJXUHD6FKHPDWLFRIWKHYDULRXVVHWXSIRUSUHSDULQJWKUHHGLIIHUHQWW\SHVRIWKH:6*U
KHWHURVWUXFWXUHVW\SH$WKHGLUHFWJURZWKRI:6RQ*U6L26LXVLQJWKHVRXUFHFRQWDFWJHRPHWU\
DQGW\SH%WKHGLUHFWJURZWKRI:6RQ*U6L26LXVLQJ:2SRZGHUHYDSRUDWLRQZLWKDQRSHQHG
JHRPHWU\DQGW\SH&WKHJURZWKRI:6IODNHVRQEDUH6L26LXVLQJWKHFRQWDFWJHRPHWU\DQGWKH
VXEVHTXHQWWUDQVIHURIWKRVHIODNHVWR*U6L26LE7KHQRUPDOL]HG3/VSHFWUDRIWKUHHW\SHVRIWKH
:6*UKHWHURVWUXFWXUHVDQGWKHH[IROLDWHG:6PRQROD\HUIODNH



$VDSRZHUIXOWRROIRUWKHFKDUDFWHUL]DWLRQRIFU\VWDOTXDOLW\DQGRSWLFDOSURSHUWLHV3/VSHFWURVFRS\
ZDVXVHGWRFKDUDFWHUL]HDQGFRPSDUHWKHVHKHWHURVWUXFWXUHV)LJXUHE$OORIWKHKHWHURVWUXFWXUHV
VKRZDVWURQJHPLVVLRQSHDNDWDSSUR[LPDWHO\H9ZKLFKLQGLFDWHVWKHSUHVHQFHRIPRQROD\HU:6
7KHVPDOOHVWIXOOZLGWKDWKDOIPD[LPXP):+0RIaPH9IRUWKHHPLVVLRQZDVREWDLQHGIRUW\SH
$ZKLFKZDVSUHSDUHGXVLQJ WKHVRXUFHFRQWDFWPHWKRG WKLVQDUURZ):+0LQGLFDWHVDFU\VWDOOLQH
TXDOLW\VXSHULRUWRWKDWRIWKHRWKHUVDPSOHVDQGHYHQVXSHULRUWRWKDWRIPHFKDQLFDOO\H[IROLDWHG:6
,QWKHFDVHRI W\SH&DQHPLVVLRQWKDWZDVPXFKVWURQJHU WKDQRWKHUVZDVREVHUYHGEHFDXVHRI WKH
LQHIILFLHQW FKDUJH WUDQVIHU7KLV UHODWLYHO\ZHDN LQWHUOD\HU FRXSOLQJ DQG EURDG ):+0 VXJJHVW WKDW
LPSXULWLHVIURPWKHZHWWUDQVIHUSURFHVVDUHWKHPDLQGUDZEDFNRIWKHW\SH&KHWHURVWUXFWXUH7KHKLJKHU
SHDNFHQWHUIRUW\SH&LVFRQVLVWHQWZLWKSUHYLRXVUHSRUWVRIWKHUPDOO\LQGXFHGVWUDLQHIIHFWGXULQJKLJK
WHPSHUDWXUHJURZWKWKLVVWUDLQHIIHFWLVGHVFULEHGEHORZ0HDQZKLOHW\SH%VKRZVDUHODWLYHO\ZHDN
HPLVVLRQ DW ORZHU 3/ HQHUJ\ a H9 ZKLFK PDWFKHV WKH UHVXOW IRU ELOD\HU:6 7KLV UHVXOW
LQGLFDWHVWKHJURZWKRIIHZOD\HUHG:6DQGVXJJHVWVDSRRUXQLIRUPLW\LQWKHW\SH%KHWHURVWUXFWXUH
2QWKHEDVLVRIWKHDIRUHPHQWLRQHGUHVXOWVWKHGLUHFWJURZWKZLWKWKHVRXUFHFRQWDFWJHRPHWU\LVWKH
PRVW SURPLVLQJ PHWKRG IRU SUHSDULQJ KLJKTXDOLW\ 70'EDVHG KHWHURVWUXFWXUHV )RU D GHHSHU
XQGHUVWDQGLQJDQGHYDOXDWLRQRI:6DQGWKHKHWHURVWUXFWXUHVJURZQXVLQJWKHVRXUFHFRQWDFWJHRPHWU\
ZHFKDUDFWHUL]HGWKHVHKHWHURVWUXFWXUHVXVLQJYDULRXVWHFKQLTXHV 


)LJXUH6(0LPDJHRI:6IODNHVGLUHFWO\JURZQRQJUDSKHQHXVLQJWKHVRXUFHFRQWDFWJHRPHWU\
,QVHWLVWKHPDJQLILHG6(0LPDJH


$UHSUHVHQWDWLYHVHFRQGDU\HOHFWURQPLFURVFRS\6(0LPDJHRIWKH:6IODNHVJURZQRQJUDSKHQH
LVGHSLFWHGLQ)LJXUH7KHLQVHWLPDJHUHYHDOVWZRW\SHVRI:6IODNHVUHODWLYHO\VPDOOLUUHJXODU
IODNHVQXFOHDWHGLQOLQHPDUNHGZLWKDUHGOLQHDQGODUJHWULDQJXODUIODNHVZLWKVKDUSDQGSDUDOOHOHGJHV
PDUNHGZLWK\HOORZOLQHV)XUWKHUPRUHWKHFRORUFRGHGGDUNILHOGWUDQVPLVVLRQHOHFWURQPLFURVFRS\
')7(0LPDJHVKRZVWKHSUHVHQFHRI:6IODNHVDWYDULRXVSRLQWVRIJURZWK)LJXUHZKLFK
FRXOGEHRFFDVLRQDOO\IRXQGLQWKHVDPSOHVVXFKDVWKHEDVDOSODQHERUGHUHGZLWKWKH\HOORZOLQH
VHHGQDQRSDUWLFOHVPDUNHGE\WKHEODFNDUURZJUDSKHQHZULQNOHVaQPLQKHLJKWPDUNHGE\WKH
EOXHGRWWHGOLQHDQGJUDSKHQHJUDLQERXQGDULHV*%VPDUNHGZLWKWKHUHGOLQHDVFRQILUPHGE\6(
PRGHDQGEDFNVFDWWHUHG6(%6(PRGH6(0LPDJHVLQ)LJXUH7RFOHDUO\REVHUYHWKHHDUO\VWDJH
RIWKHJURZWKZHREWDLQHG)LJXUHDQG)LJXUHVDIWHUDUHGXFHGJURZWKWLPHPLQ 



)LJXUH&RORUFRGHG%)7(0LPDJH6$('SDWWHUQDQG')7(0LPDJHVFRUUHVSRQGLQJWRWKH
ZKLWHDQGJUHHQFLUFOHGGLIIUDFWLRQVSRWVRI:6JURZQRQJUDSKHQHZKLFKVKRZWKHSUHVHQFHRI
:6IODNHVRQYDULRXVSRLQWVRIJURZWK



)LJXUHD6(PRGHDQGE%6(PRGH6(0LPDJHVRI:6IODNHVJURZQRQJUDSKHQHXVLQJD
VKRUWHUJURZWKWLPHPLQ

6RIDUWKHQXFOHDWLRQDQGJURZWKSURFHVVHVRQWKHEDVDOSODQHRIJUDSKHQHDUHNQRZQWRSURFHHG
ZLWKJUHDWGLIILFXOW\EHFDXVHRIWKHZHDNYDQGHU:DDOVHQHUJ\,QVWHDGWKHVWUXFWXUDOOLQHGHIHFWVRI
JUDSKHQH HJZULQNOHV RU*%V DUH YLHZHG DV SUHYDOHQW QXFOHDWLRQ VLWHV IRU FRPPRQ JURZWK DQG
DGVRUSWLRQEHFDXVHRIWKHKLJKHUUHDFWLYLW\RIWKHVWUDLQHGVSERQGDQGH[SRVHGGDQJOLQJERQGV
+RZHYHUWKHODUJHELQGLQJHQHUJ\RIWKRVHGHIHFWVLWHVLVLQWLPDWHO\UHODWHGWRDKLJKGLIIXVLRQEDUULHU
ZKLFK IXUWKHU KLQGHUV JURZWK RQ JUDSKHQH ,Q DGGLWLRQ WKH ODUJH URXJKQHVV RIZULQNOHVPDNHV WKH
JURZWKGLIILFXOWDQGLQKLELWVWKHYDQGHU:DDOVHSLWD[\ZKLFKLVWKHEDVLFJURZWKSULQFLSOHRIWKH'
KHWHURVWUXFWXUH$VDUHVXOWLQSUHYLRXVUHSRUWVRQWKHGLUHFWV\QWKHVLVRI70'VRQJUDSKHQHWKHOLPLWHG
FRYHUDJHDQGOLPLWHGVL]HRIIODNHVZLWKLUUHJXODUHGJHVZHUHXQDYRLGDEOHEHFDXVHRIWKHSUHIHUHQWLDO
DGVRUSWLRQRQWRWKHVWUXFWXUDOOLQHGHIHFWVRIJUDSKHQH7KLVSKHQRPHQRQLVFRQVLVWHQWZLWKWKH:6
IODNHVRQWKHUHGOLQHLQWKHLQVHWRI)LJXUH1HYHUWKHOHVVLQRXUJURZWKJHRPHWU\DKLJKSRUWLRQRI
UHODWLYHO\ODUJHDQGSDUDOOHOWULDQJXODUIODNHVZHUHLQLWLDWHGRQWKHJUDSKHQHEDVDOSODQHZLWKRXWFHUWDLQ
VWUXFWXUDOGHIHFWVDVVKRZQLQ)LJXUHDQG7KLVUHVXOWFDQDOVREHH[SODLQHGE\WKHPHULWVRIWKH
VRXUFH FRQWDFW JHRPHWU\ 6LPLODU WR WKH UHVXOWV RI 6XEKHGDUHW DO¶V VWXG\ RQ JUDSKHQH JURZWK WKH
FORVHO\FRQWDFWHGJHRPHWU\PD\WUDSWKHDSSOLHGVRXUFHVDQGIOX[LQWKHLQWHUOD\HUVSDFH$VDUHVXOW
GXULQJWKHZKROHJURZWKWLPHWKHVORZDFFXPXODWLRQRIHYDSRUDWHG:2[DQG6YDSRUFDQEHKDYHTXDVL
VWDWLFDOO\RQ WKHJUDSKHQHVXUIDFH7KHYDSRU LQ WKLVFRQILJXUDWLRQLVPRUHKLJKO\FRQFHQWUDWHG WKDQ
WKRVHRIRSHQHGJHRPHWULHVVXFKDVW\SH%LQ)LJXUHDDQGZKHUHWKHGLVWDQFHEHWZHHQWKHVRXUFH
DQGVXEVWUDWHLVVXEVWDQWLDO$KLJKVXUIDFHFRQFHQWUDWLRQLVNQRZQWRIDFLOLWDWHQXFOHDWLRQWKURXJK
VXSHUVDWXUDWLRQWKHUHIRUHQXFOHDWLRQDQGJURZWKRI:6IODNHVOLNHO\RFFXUHTXDOO\DWIODWVXUIDFHVDQG
GHIHFWLYHVLWHV)XUWKHUPRUHWKHUHODWLYHO\ODUJHGRPDLQVL]HRIWKHEDVDOSODQHXQOLNHWKHFDVHRI
LQLWLDWLRQDWGHIHFWVLWHVHQDEOHGWKHHQKDQFHGFRYHUDJHZHFRQVHTXHQWO\REWDLQHGDQHDUO\FRPSOHWH
:6*UVWUXFWXUHE\GHFUHDVLQJWKHGLVWDQFHEHWZHHQWKH:2[DVVHPEO\DQGWKH6SRZGHU)LJXUH 



)LJXUH6(0LPDJHRIWKHIXOO\JURZQ:6*UKHWHURVWUXFWXUHJHQHUDWHGE\QDUURZLQJWKH
GLVWDQFHEHWZHHQWKH:2DVVHPEO\DQG6VRXUFH,QVHWLVWKHPDJQLILHG6(0LPDJH

7KHLQVHWRI)LJXUHVKRZVDPDJQLILHGLPDJHRIWKHIXOO\JURZQ:6UHYHDOLQJWKHFRQWUDVW
ZLWKWKHXQGHUO\LQJJUDSKHQHOD\HUWKHEULJKWUHJLRQERUGHUHGZLWKD\HOORZGRWWHGOLQH7KLVUHVXOW
H[HPSOLILHVWKHH[FHSWLRQDOFRYHUDJHRIWKH70'*U'KHWHURVWUXFWXUHREWDLQHGZLWKWKHGLUHFWJURZWK
PHWKRG7RFODULI\WKHPHULWVRIWKHVRXUFHFRQWDFWJHRPHWU\LQWHUPVRIWKHJURZWKRQDQLQHUWVXUIDFH
ZHFRQGXFWHGDFRPSDUDWLYHVWXG\ZLWKWKHHYDSRUDWLRQRI:2SRZGHULQWKHRSHQHGJHRPHWU\W\SH
%XQGHUWKHVDPHFRQGLWLRQV$VH[SHFWHGWKHGHQVLW\RIWKH:6IODNHVVXEVWDQWLDOO\GHFUHDVHGDQG
WKHLUUHJXODUO\VKDSHG:6ZDVDWWDLQHGIROORZLQJWKHVWUXFWXUDOOLQHGHIHFWVRIJUDSKHQH)LJXUH


)LJXUHD5HSUHVHQWDWLYH6(0LPDJHVRIWKH:6*UKHWHURVWUXFWXUHREWDLQHGXVLQJWKHSRZGHU
HYDSRUDWLRQPHWKRGW\SH%LQ)LJXUH6DE$KLJKPDJQLILFDWLRQ6(0LPDJHRID


)LJXUHDVKRZVDQDWRPLFIRUFHPLFURVFRS\$)0LPDJHDQGKHLJKWSURILOHRIWKH:6IODNHV
0RVWRIWKHWULDQJXODU:6H[KLELWHGOLWWOHFRORUFRQWUDVWVFRQVLVWHQWZLWKWKHXQLIRUPWKLFNQHVV7KH
KHLJKWSURILOHDORQJWKHZKLWHGDVKHGDUURZLQGLFDWHVDWKLFNQHVVRIaQPVXJJHVWLQJWKHIRUPDWLRQ
RIPRQROD\HU:65DPDQVSHFWURVFRS\ZDVDOVRFRQGXFWHGWKHVSHFWUXPLVSUHVHQWHGLQ)LJXUHE
7KLVVSHFWUXPVKRZVWKHXQLTXHLQSODQH(JFPDQGRXWRISODQH$JFPYLEUDWLRQ
PRGHVRI:6ZLWKDIUHTXHQF\GLIIHUHQFHRIaFPEHWZHHQ(JDQG$JZKLFKFRUUHVSRQGVWRWKDW
RIPRQROD\HU:6)LJXUHFVKRZVDW\SLFDO3/VSHFWUXPIRUHYDOXDWLQJWKHWKLFNQHVVDQGTXDOLW\
RI:6,WVKRZVDGLVWLQFWHPLVVLRQDWH9ZKLFKZHOOPDWFKHVWKHSUHYLRXVO\UHSRUWHGEDQGJDSRI
PRQROD\HU:6)XUWKHUPRUHWKHVDPSOHHPLWWHGDYHU\V\PPHWULFDQGQDUURZ3/SHDNZLWKRXWDORZ
HQHUJ\ WDLO VXJJHVWLQJ WKDW WKH HPLVVLRQ IURP QHXWUDO H[FLWRQV LV VWURQJHU WKDQ WKDW IURP FKDUJHG
H[FLWRQV7KXVWKHVHUHVXOWVLQGLFDWHDGRPLQDQWSRSXODWLRQRIQHXWUDOH[FLWRQVDQGWKHJURZWKRIKLJK
TXDOLW\:6ZLWKORZGHQVLWLHVRIGHIHFWVDQGFKDUJHGLPSXULWLHV



)LJXUHD$Q$)0LPDJHE5DPDQVSHFWUXPDQGF3/VSHFWUXPRI:6JURZQRQJUDSKHQH
G7KHWHPSHUDWXUHGHSHQGHQFHRIWKH3/IURPWR.H7KHGLVVRFLDWLRQHQHUJ\REWDLQHG
IURPWKHPHDVXUHGWHPSHUDWXUHGHSHQGHQFH3/LQGDQGIWKHDEVRUEDQFHVSHFWUXP 




7KHWHPSHUDWXUHGHSHQGHQFHRI3/VSHFWUDLVDKHOSIXOWRROIRUVWXG\LQJWKHVWUXFWXUDOGHIHFWVLQ
FU\VWDOV)LJXUHGSUHVHQWVWKHQRUPDOL]HG3/VSHFWUDRI:6JURZQRQJUDSKHQHWKHVSHFWUDZHUH
FROOHFWHGDWWHPSHUDWXUHVIURPWR.&RQVLVWHQWZLWKWKHVSHFWUDRIFRPPRQVHPLFRQGXFWRUV
WKH VSHFWUD VKRZ DQ XSVKLIW RI WKH SHDN SRVLWLRQ DQG D VKDUSHU SHDN ZLGWK ZLWK GHFUHDVLQJ
WHPSHUDWXUH%HORZ.WKHVSHFWUDFRQWDLQDQHPLVVLRQSHDNIURPWULRQVFKDUJHGH[FLWRQV;
LQDGGLWLRQWRWKDWIURPQHXWUDOH[FLWRQV;R$GLVVRFLDWLRQHQHUJ\RIPH9LVGHGXFHGIURPWKH
VSOLWWLQJYDOXHEHWZHHQ;RDQG;DVDIXQFWLRQRIWHPSHUDWXUHLQ)LJXUHHWKLVUHVXOWDJUHHVZHOO
ZLWKSUHYLRXVO\UHSRUWHGYDOXHV2WKHUZLVHWKHGHIHFWUHODWHGOHYHOV LQSUHYLRXVUHSRUWVDUHQRW
REVHUYHGHYHQDWKLJKWHPSHUDWXUHV7KLVIDFWLQGLFDWHVWKDWRXU:6VDPSOHJURZQRQJUDSKHQHKDV
PLQLPDOFKDUJHGLPSXULWLHVDQGGHIHFWV7KHDEVRUEDQFH LQ)LJXUHIH[KLELWV WKUHHGLVWLQFWSHDNV
UHODWHGWRWKHFKDUDFWHULVWLFH[FLWRQVIURPGLUHFWWUDQVLWLRQVDWWKH.SRLQWH[FLWRQ$DQG%DQGIURP
WKHRSWLFDOWUDQVLWLRQVEHWZHHQWKHYDOHQFHEDQGDQGWKHFRQGXFWLRQEDQGH[FLWRQ&RI:67KH
HQHUJ\GLIIHUHQFHEHWZHHQH[FLWRQ$DQG% LVaPH9ZKLFKLVDWWULEXWHGWR WKHHQHUJ\VSOLWWLQJ
LQGXFHGE\WKHVSLQRUELWFRXSOLQJ
$QRWKHUVWULNLQJIHDWXUHLVWKDWPRVWRIWKH:6IODNHVKDYHSDUDOOHOHGJHVZLWKDVSHFLILFURWDWLRQ
DQJOH RQ LQGLYLGXDO GRPDLQV RI JUDSKHQH DV PDUNHG ZLWK WKH \HOORZ OLQHV LQ )LJXUH  7KLV
REVHUYDWLRQ LQGLFDWHV WKDW WKHJURZWKRI:6 IODNHVZDV HSLWD[LDO IROORZLQJ WKHPRVW HQHUJHWLFDOO\
SUHIHUUHGRULHQWDWLRQVRQJUDSKHQH7RVWXG\LQGHWDLOWKHODWWLFHRULHQWDWLRQVDQGDWRPLFVWUXFWXUHRI
:6 RQ JUDSKHQH7(0ZDV HPSOR\HG IRU H[DPLQLQJ YDULRXV UHJLRQV RI WKH VDPSOH )LJXUH
)LJXUH D VKRZV D UHSUHVHQWDWLYH EULJKWILHOG %) 7(0 LPDJH RI D :6 IODNH DQG JUDSKHQH
VXSSRUWHGRQDQ$X7(0JULG7KHVHOHFWHGDUHDHOHFWURQGLIIUDFWLRQ6$('SDWWHUQRIWKHWULDQJXODU
IODNH LQ )LJXUH DZDV FROOHFWHG DV VKRZQ LQ )LJXUH E7ZR VHWV RIZHOODUUDQJHG VL[IROG
V\PPHWU\GLIIUDFWLRQVSRWVLQGLFDWHWKHJRRGTXDOLW\DQGWKHVLQJOHFU\VWDOOLQLW\RIERWKFU\VWDOV7KH
VL[VSRWVRIWKHLQQHUVHWPDUNHGDVµ¶FRUUHVSRQGWR:6D QPDQGWKHVL[VSRWVRIWKH
RXWHUVHWPDUNHGDVµ¶FRUUHVSRQGWRJUDSKHQHD QP7KHVHWZRVHWVRIGLIIUDFWLRQVSRWVDUH
ZHOODOLJQHG LQ WKH VDPHRULHQWDWLRQ*HQHUDOO\ LW LVGLIILFXOW IRU WZRKLJKO\PLVPDWFKHG ODWWLFHV WR
FRPPHQVXUDWH WKHLU ODWWLFH RULHQWDWLRQV EHFDXVH RI WKH ODUJH LQGXFHG VWUDLQ EHWZHHQ WKH WZR OD\HUV
1HYHUWKHOHVVLWLVSRVVLEOHEHFDXVHDOORIWKHUHPDLQLQJVWUDLQLVH[SHFWHGWREHDFFRPPRGDWHGLQWKH
YDQGHU:DDOVJDSZKLFKLVFDOOHGYDQGHU:DDOVHSLWD[\:HUHFRUGHG')7(0LPDJHVE\VHWWLQJ
WKH DSHUWXUH WR:6 )LJXUH F DQG JUDSKHQH )LJXUH G GLIIUDFWLRQV LQ WKH 6$(' SDWWHUQ
1RWDEO\DFOHDUDQGXQLIRUPFRQWUDVWRIWKHHQWLUHWULDQJXODUIODNHLQGLFDWHVWKDWWKHJURZQ:6IODNH
FRQVLVWV RI D VLQJOH GRPDLQ ZLWK QR PLVRULHQWHG RU GHIHFWLYH UHJLRQV ,Q DGGLWLRQ D W\SLFDO KLJK
UHVROXWLRQ+57(0LPDJH)LJXUHHVKRZVWKHSHULRGLFKH[DJRQDODUUDQJHPHQWRI:6DWRPV
DQGWKHDEVHQFHRIDQ\REVHUYHGDWRPLFGHIHFWVRUYRLGV7KHVHREVHUYDWLRQVVXSSRUWWKHKLJKTXDOLW\
DQGVLQJOHFU\VWDOOLQLW\RIWULDQJXODU:6IODNHVJURZQRQJUDSKHQH






)LJXUH&U\VWDOOLQLW\LQYHVWLJDWLRQDQGJURZWKVWXG\RI:6RQJUDSKHQHD$%)7(0LPDJH
E6$('SDWWHUQDQGFG')7(0LPDJHVRI:6JURZQRQJUDSKHQH7KHWZR')LPDJHVZHUH
REWDLQHGE\VHWWLQJWKHDSHUWXUHWRFRORUHGGLIIUDFWLRQVSRWFDQGGLQWKH6$('SDWWHUQH$
+57(0LPDJHDQGDWRPLVWLFPRGHORIWKH:6*UKHWHURVWUXFWXUH

 


$GGLWLRQDO6WUDWHJLHVIRU(QKDQFLQJ/DWHUDO*URZWKRI70'VRQ*UDSKHQH

7KH WKLQ ILOPJURZWKPHFKDQLVPGHSHQGV RQ WKH VXUIDFH HQHUJ\ DQG FKHPLFDO SRWHQWLDOV RI WKH
GHSRVLWHGOD\HUVDQGWKHLUVXEVWUDWHV:KHQWKHVXUIDFHDGKHVLYHIRUFHLVVWURQJHUWKDQWKHDGDWRP
FRKHVLYHIRUFHOD\HUJURZWKLVSUHIHUUHG2WKHUZLVHLVODQGJURZWKLVGRPLQDQWVLQFHWKHHYDSRUDWLRQ
RIWKHVRXUFHGXULQJJURZWKLVLQHYLWDEOHGXHWRWKHSRRUDGKHVLRQRIWKHVRXUFHWRWKHLQHUWVXEVWUDWH
$VDVWUDWHJ\IRURYHUFRPLQJSRRUDGKHVLRQFHUWDLQVXEVWDQFHVVXFKDVJUDSKHQHOLNHVHHGLQJSURPRWHUV
RUVDOWDGGLWLYHVKDYHEHHQLQFUHDVLQJO\XVHGWRSURPRWHWKHOD\HUHG'JURZWKRI70'V
(VSHFLDOO\ VDOW DGGLWLYHVVXFKDVDONDOLPHWDOKDOLGHV 1D&O.,DQG.&OVRGLXPFKRODWH DQG
1D2+KDYHEHHQLQFUHDVLQJO\XVHGWRSURPRWHWKHJURZWKRI70'V,QLWLDOO\DONDOLPHWDOKDOLGHVZHUH
SURSRVHGWRGHFUHDVHWKHKLJKJURZWKWHPSHUDWXUHRI70'V/LHWDOUHSRUWHGWKDWYDULRXVDONDOLPHWDO
KDOLGHVUHDFWZLWK70R[LGHVWRIRUPYRODWLOH70R[\KDOLGHVSHFLHVWKHUHE\SURPRWLQJWKHWUDQVSRUW
RI70WRWKHJURZWKVXEVWUDWH,QDGGLWLRQUHPDUNDEO\VXSSUHVVHGQXFOHDWLRQLQWKHSUHVHQFHRIDONDOL
PHWDOKDOLGHVZDVREVHUYHG.DQJHWDODVVXPHGWKDWDONDOLKDOLGHVZRXOGUHGXFHWKHFRQFHQWUDWLRQ
RIZDWHULQWKHYDSRUSKDVHHQYLURQPHQWRIWKH02&9'V\VWHPHQFRXUDJLQJWKH'JURZWKRIQXFOHL
7RFRQILUPWKLV.LPHWDO LQYHVWLJDWHGWKHHIIHFWVRI&D&ODQG&D2ZKLFKDUHNQRZQWREHPRUH
HIIHFWLYH GHVLFFDQWV WKDQ DONDOL PHWDO KDOLGHV EXW WKH\ GLG QRW REVHUYH VLJQLILFDQW VXSSUHVVLRQ RI
QXFOHDWLRQGHQVLW\7KLVUHVXOWLQIHUUHGWKDWDONDOLPHWDOKDOLGHVDFWDVVHHGLQJSURPRWHUVQRWDVD
GHVVLFDQWDQGLQFUHDVHWKHODWHUDOVL]HLQWKHJURZWKVWDJHVLQFHWKHLUJHRPHWU\FDQVWDELOL]HWKH'
QXFOHLRI70'V&RQVHTXHQWO\LWZDVFRQILUPHGWKDWDONDOLPHWDOVSOD\DUROHQRWRQO\LQVXSSUHVVLQJ
QXFOHDWLRQEXWDOVRLQSURPRWLQJDGVRUSWLRQRI0RLQWKHSUHH[SRVXUHVWHS


)LJXUHDE6(0LPDJHVRIWKH0R6PRQROD\HUJURZQRQWRJUDSKHQHDZLWKDQGEZLWKRXW
1D&OUHVSHFWLYHO\



7RLQFUHDVHWKHIODNHVL]HRI70'VRQJUDSKHQHIRUSUDFWLFDODSSOLFDWLRQVZLWKHDV\KDQGOLQJ1D&O
RQHRIDONDOLVDOWVKDVWULHGWRLQWURGXFHLQWRWKHJURZWKSURFHVV)LJXUHVKRZV6(0LPDJHVRI
0R6IODNHVJURZQRQ&9'JURZQJUDSKHQHZLWK1D&O,QPLQXWHVZKLFKLVYHU\VKRUWFRPSDUHG
WRWKHSUHYLRXVRQHZHFRXOGVHHWKHDYHUDJHIODNHVL]HDQGDUHDLQFUHDVHGE\PRUHWKDQWKUHHWLPHV
+RZHYHU WKH GHSRVLWLRQ RI DONDOLPHWDO UHVLGXDO SDUWLFOHV RU OD\HUV RQWR WKH VXEVWUDWH VXUIDFH LV
XQDYRLGDEOH)LJXUHLV6(0LPDJHVRI0R6OD\HUJURZQRQWR6L2VXEVWUDWHXVLQJ1D&ODVDQ
DGGLWLYH5HVLGXDOVDOWFU\VWDOVRIYDULRXVVL]HV UHPDLQEHORZWKH0R6 OD\HUDQGFDXVHZULQNOHV WR
0R6OD\HU,QDGGLWLRQWKHRSWLFDOLPDJHVLQ)LJXUHDOVRVKRZWKDW0R6OD\HULVFRPSOHWHO\JRQH
ZKHQLWLVGLSSHGLQZDWHU7KLVVXJJHVWVWKDWDZDWHUVROXEOHUHVLGXDOOD\HULVIRUPHGXQGHU0R6GXULQJ
WKHJURZWKSURFHVVDQG;36VSHFWUD)LJXUHFOHDUO\VKRZVDVWURQJ1DVDOVRVXJJHVWLQJWKDW
1D2[RU1D6[OD\HULVGHSRVLWHGRQWKH6L2VXUIDFH 



)LJXUH6(0LPDJHVRIWKHUHVLGXDOVDOWVUHPDLQLQJZLWK0R6OD\HUJURZQZLWK1D&O



)LJXUH2SWLFDOLPDJHVRI0R6DIWHULPPHUVHGLQ$FHWRQHDQG,3$DQGLPPHUVHGLQZDWHU
UHVSHFWLYHO\




)LJXUH;36VSHFWUDRIWKHDVJURZQ0R6IODNHVXVLQJ1D&ODGGLWLYHVD0RGDQGE1DV
FRUHOHYHOSHDNRI0R6IODNHVUHVSHFWLYHO\

'XHWRWKHFRPSOH[LW\RIWKH&9'SURFHVVWKHXQGHUO\LQJPHFKDQLVPRUUROHRIDONDOLPHWDOKDOLGHV
KDVQRWEHHQFOHDUO\HVWDEOLVKHG)XUWKHUPRUH WKHUH LVDOVRDFRQFHUQ WKDW WKH LQWURGXFWLRQRIDONDOL
PHWDOKDOLGHVPD\OHDGWRWKHIRUPDWLRQRILPSXULWLHVDQGORVVFOHDQLQWHUIDFHVZKLFKPD\DIIHFWWKH
HOHFWURQDQGSKRWRQFKDUDFWHULVWLFVRIFRPSRVLWHVHPLFRQGXFWRUV,QDGGLWLRQDONDOLPHWDOVVXFKDV
SRWDVVLXP.FDQFDXVHGHJHQHUDWHGRSLQJRI70'V7KXVDODUJHDUHDKHWHURVWUXFWXUHV\QWKHVLV
XVLQJDONDOLPHWDOVUHTXLUHVDGHHSHUXQGHUVWDQGLQJRIWKHUROHVDQGPHFKDQLVPVRIDONDOLPHWDOKDOLGHV
LQFOXGLQJQHJDWLYHHIIHFWVDQGIXWXUHZRUNVDUHDOVRQHHGHGWRGLVFRYHURWKHUQHZVWUDWHJLHV
 


6XPPDU\DQG2XWORRN

%\YLUWXHRIWKHLUQDWXUDOVL]DEOHDQGWXQDEOHEDQGJDS'70'VFDQSRWHQWLDOO\VHUYHDVD
YLDEOH QDQRWHFKQRORJ\ RU VHPLFRQGXFWRU IDEULFDWLRQ SODWIRUP ZLWK PXOWLSOH SK\VLFDO IHDWXUHV IRU
DSSOLFDWLRQVUDQJLQJIURPIXQGDPHQWDO UHVHDUFKWRIXWXUHRSWRHOHFWURQLFDQGHOHFWURQLFDSSOLFDWLRQV
7KHGLYHUVLW\RI70'PDWHULDOVZLWKDURXQGGLIIHUHQWW\SHVRIFRPSRXQGVDQGWKHLUYHUVDWLOHDQG
WXQDEOHSURSHUWLHVSHUPLWDZLGHGHJUHHRIFRQWUROIRUGHVLJQLQJHIILFLHQWDQGRQGHPDQGKHWHURMXQFWLRQ
GHYLFHV/DWHO\OD\HUဨE\ဨOD\HUVWDFNLQJRIPRQROD\HU0;DQG*UKDVDURXVHGPRUHVFLHQWLILFFRQFHUQV
0DQ\ LQWULJXLQJ SK\VLFDO LVVXHV KDYH EHHQ GHWHFWHG LQ VXFK KHWHURVWUXFWXUHV DQG QRYHO GHYLFHV
WXQQHOLQJ WUDQVLVWRUV DQG OLJKWဨHPLWWLQJ GLRGHV HWF ZLWK XQSUHFHGHQWHG SHUIRUPDQFH KDYH EHHQ
FRQVWUXFWHG
7KH FRQVWUXFWLRQ RI 0;*U YHUWLFDO KHWHURVWUXFWXUHV ZLWK FOHDQ LQWHUIDFHV LV SUHUHTXLVLWH IRU
SUHVHUYLQJWKHLUXQLTXHSURSHUWLHV)RUWKHPRPHQWOD\HUဨE\ဨOD\HUVWDFNLQJRIPHFKDQLFDOO\H[IROLDWHG
0;DQG*UZLWKVFRWFKWDSHVLVFRPPRQO\XVHGIRUWKHKHWHURVWUXFWXUHFRQVWUXFWLRQ+RZHYHUWKLV
PHWKRG XVXDOO\ OHDGV WR WKH DGVRUSWLRQ RI SRO\PHULF LPSXULWLHV SULPDULO\ DW WKH KHWHURVWUXFWXUH
LQWHUIDFHVDQGDIIRUGVOLWWOHFRQWURORYHUWKHILOPWKLFNQHVVDQGGRPDLQVL]H0R6DQG*UXQGRXEWHGO\
UHVXOWLQJLQGHJUDGLQJGHYLFHSHUIRUPDQFHV,QWKLVUHJDUGLWLVORJLFDOWRGHYHORSDUHOLDEOHV\QWKHWLF
DSSURDFKIRUGLUHFWO\REWDLQLQJODUJHဨVFDOHWKLFNQHVVFRQWUROODEOHXQLIRUPDQGKLJKTXDOLW\0;*U
YHUWLFDOKHWHURVWUXFWXUHV
,QVXPPDU\E\H[SORLWLQJDQDOOဨ&9'DSSURDFKZHGHYHORSHGDQRSWLPL]HG&9'EDVHGPHWKRG
IRUWKHV\QWKHVLVRIKLJKTXDOLW\70'VDQG70'*UKHWHURVWUXFWXUHVZLWKKLJKO\HQKDQFHGFRYHUDJH
(VSHFLDOO\E\LQWURGXFLQJVRXUFHFRQWDFWJHRPHWU\ZHDFKLHYHGDXQLIRUPQXFOHDWLRQRI70'IODNHV
ZLWKPLQLPDO FKDUJHG LPSXULWLHVDQGGHIHFWV HYHQRQ WKH LQHUW JUDSKHQHEDVDOSODQH7KLVXQLIRUP
QXFOHDWLRQUHVXOWVLQDJHQXLQHYDQGHU:DDOVHSLWD[\ZLWKRXWWKHLQWHUUXSWLRQRIORFDOO\VWUDLQHGGHIHFW
VLWHV DQG DOVR SURPRWHV FKDUJH WUDQVIHU EHWZHHQ WKH WZR OD\HUV EHFDXVH RI WKH XQLIRUP FRQWDFW
WKURXJKRXWWKHLQWHUIDFH7KHDYDLODELOLW\RIODUJHVFDOH0;ဨJUDSKHQHKHWHURVWUXFWXUHVZLOOVWLPXODWH
LQYHVWLJDWLRQVLQWRSKRWRQLFHOHFWURQLFDQGVSLQWURQLFSURSHUWLHVRIWKLVQHZVWUXFWXUHDQGZLOOEHD
EHQHILWWRWKHVFLHQWLILFFRPPXQLW\

 


&+$37(5
$LU6WDELOLW\(QKDQFHPHQWRI70'VGHSHQGLQJRQWKH6XEVWUDWH

(QYLURQPHQWDO6WDELOLW\RI70'V

8QOLNHWKHIDVWGHJUDGDWLRQRIEODFNSKRVSKRUXVLQDLU70'VKDYHEHHQFRQVLGHUHGDVDLUVWDEOH
VHPLFRQGXFWRUV XQGHU DPELHQW FRQGLWLRQV+RZHYHU VRPH UHSRUWV LQGLFDWH WKH GHFRPSRVLWLRQ RI
70'VLQH[WUHPHFRQGLWLRQVVXFKDVWHPSHUDWXUHVDERYH&DQGH[SRVXUHWRXOWUDYLROHWOLJKWKHDW
DQGPRLVWXUH,QUHFHQWVWXG\VHYHUHVXUIDFHGHJUDGDWLRQKDVRFFXUUHGWKURXJKSUHIHUHQWLDOR[LGDWLRQ
DORQJ WKHOHVVVWDEOHJUDLQERXQGDULHV*%VDQGFU\VWDOHGJHVGXULQJORQJWHUPREVHUYDWLRQVRI WKH
VXUIDFHRI0R6DQG:6IODNHVH[SRVHGWRDLU7KLVUHVXOWPRWLYDWHGWKDWWKHZHDNDLUVWDELOLW\RI
70'VDQGLPSURYHPHQWVWUDWHJ\KDYHDWWUDFWHGFRQVLGHUDEOHDWWHQWLRQEHFDXVHVWDEOHGHYLFHIDEULFDWLRQ
DQGRSHUDWLRQLVUHTXLUHGIRUPRVWDSSOLFDWLRQVXQGHUDPELHQWHQYLURQPHQWDOFRQGLWLRQV
3ULRUHIIRUWVDWVKLHOGLQJ70'VIURPWKHHQYLURQPHQWKDYHEHHQSULPDULO\PRWLYDWHGE\WKHQHHG
WRSUHYHQWPROHFXODUDGVRUEDWHVDQGFKDUJHWUDSVIURPDIIHFWLQJWKHFDUULHUPRELOLW\RI70'V,QRQH
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3UHYLRXVVWXGLHVKDYHSURSRVHGWKDWWKHVXUIDFHGHJUDGDWLRQLVPDLQO\LQLWLDWHGDWWKHUHDFWLYHHGJHV
DQGVWUXFWXUDOGHIHFWVRI70'V  +RZHYHU VXEVHTXHQWH[SHULPHQWDODQG WKHRUHWLFDO UHVXOWV WR
HOXFLGDWH WKH FRQFUHWH PHFKDQLVP IRU WKH DJLQJUHODWHG GHWHULRUDWLRQ LQ 70'V KDYH QRW \HW
GHPRQVWUDWHGWKLV7RYHULI\WKHSUHYLRXVSUHGLFWLRQDQGWKLVVLJQLILFDQWGLVFUHSDQF\LQWKHDLUVWDELOLW\
RI:6*UIODNHVZHSDLGVLJQLILFDQWDWWHQWLRQWRWKHKLJKFU\VWDOOLQLW\DQGORZGHIHFWGHQVLW\RI:6*U
IODNHV)LUVWZHFRPSDUHGWKHLQWULQVLFGHIHFWFRQFHQWUDWLRQLQERWKFU\VWDOVXVLQJWKHGHIHFWUHODWHG
OHYHOVLQWKHHPLVVLRQSURSHUWLHVRIWKHVDPSOHV)LJXUHDVKRZVDGLVWLQFW3/HPLVVLRQRI:6*UDW
H9ZKLFKPDWFKHVZHOOZLWKWKHSUHYLRXVO\UHSRUWHGEDQGJDSRIPRQROD\HU:6,WKDVDYHU\
V\PPHWULFDQGQDUURZ3/SHDN):+0RIaPH9FRQVLVWLQJRIDVLQJOH/RUHQW]LDQOLQHZLWKRXWD
ORZHQHUJ\ WDLOZKLFK LQGLFDWHV WKDW WKH HPLVVLRQ IURP QHXWUDO H[FLWRQV LV VWURQJHU WKDQ WKDW IURP
FKDUJHG H[FLWRQV &RPSDUHG WR WKH 3/ VSHFWUD RI :66L2 ):+0 RI a PH9 WKLV UHVXOW
GHPRQVWUDWHVWKDWFKDUJHGLPSXULWLHVDQGVWUXFWXUDOGHIHFWVKDYHH[WUHPHO\VPDOOLPSDFWRQ:6*U
+RZHYHUWKHEURDGHQLQJRIWKH3/SHDNLVQRWRQO\GXHWRWKHFU\VWDOTXDOLW\WKHVXEVWUDWHHIIHFWDOVR
SOD\V DQ LPSRUWDQW UROH )RU GLHOHFWULF PDWHULDOV FKDUJHG LPSXULWLHV LQ WKH VXEVWUDWH DUH FORVHO\
FRQQHFWHGWRGRSLQJ7KHKLJKGHQVLW\RIFKDUJHGLPSXULWLHVLQ6L2PD\LQIOXHQFHWKHSKRQRQYLEUDWLRQ
FRPSDUHGWRJUDSKHQHZLWKIHZFKDUJHGLPSXULWLHV+RZHYHUWKH:66L2IODNHVVWLOOVKRZEURDG
3/HPLVVLRQSHDNVHYHQDIWHUWKH\DUHGHWDFKHGIURP6L2XVLQJ+)VROXWLRQDQGWKHQWUDQVIHUUHGRQWR
&9'*U VXEVWUDWH :6WI*U7KXVZH FDQ SURSRVH WKDW WKH QDUURZHU HPLVVLRQ UHIOHFWV WKH KLJK
TXDOLW\RI:6*UZLWKDORZFRQFHQWUDWLRQRIGHIHFWVDQGFKDUJHGLPSXULWLHVDQGH[FOXGHVWKHHIIHFW
RIWKHVXEVWUDWH,QDGGLWLRQZHREVHUYHDVPDOO3/HPLVVLRQDWH9ZKLFKPDWFKHVZHOOZLWKWKH
UHSRUWHG'YLEUDWLRQPRGHRIJUDSKHQHFPZKHQ3/VSHFWUDDUHFROOHFWHGXVLQJWKHQP
OLQHRIDQ$UODVHUDVWKHH[FLWDWLRQVRXUFH
$SDUWIURPWKHLQWULQVLFDOO\JHQHUDWHGGHIHFWVLQDVJURZQFU\VWDOVDGGLWLRQDOGHIHFWVFDQEHIRUPHG
DQGSURSDJDWHGRYHUWLPHE\WKHH[LVWHQFHRIORFDOL]HGVWUDLQZLWKLQWKHFU\VWDO7KXVWRHYDOXDWHWKH
DSSOLHG ORFDO VWUDLQ LQ ERWK FU\VWDOVZH XWLOL]HG 3/ DQG5DPDQPDSSLQJV DQG FRPSDUHG WKH FRORU
FRQWUDVWVLQGXFHGIURPWKHVKLIWVRIHDFKVLJQDO)RUERWKWKHLQWHQVLW\DQGSRVLWLRQPDSSLQJV:6*U
VKRZVKRPRJHQHRXVFRQWUDVWWKURXJKWKHHQWLUHVLQJOHIODNH)LJXUHEFZKLFKFRQWUDVWVZLWKWKH
LQKRPRJHQHRXV PDS RI:66L2 ZLWKLQ D VLQJOH GRPDLQ )LJXUH GH ,Q D SUHYLRXV VWXG\ D
VLJQLILFDQW PLVPDWFK LQ WKH WKHUPDO H[SDQVLRQ FRHIILFLHQW 7(& FDXVHV D ODUJH GLIIHUHQFH LQ WKH
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$OWKRXJKPRVWRIWKH:6*UIODNHVH[KLELWKLJKDLUVWDELOLW\DVVKRZQDERYHDSDUWLDOGHJUDGDWLRQ
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LQDUHFHQWUHSRUWWKHVWUXFWXUDOGHIHFWVRIWKHVXEVWUDWHOD\HUFDQSURPRWHDVWUXFWXUDOGLVRUGHULQWKH
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GHIHFWFDQVWURQJO\LQIOXHQFHWKHFU\VWDOTXDOLW\RIWKHRYHUJURZQ:6IODNHV7KHVHUHVXOWVLPSO\WKDW
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)LJXUH
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DJLQJLQWKHGHIHFWVLWHQXFOHDWHG:6*UIODNHV DORQJ WKHEOXHOLQHLQ)LJXUHDQG:6WI*U
IODNHV 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

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)LJXUH
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7KHUPRG\QDPLFDOO\WKH6YDFDQFLHVRU:HGJHVKDYHKLJKPROHFXODUDIILQLWLHVDQGERQGZLWKDEVRUELQJ
VSHFLHV LQ DPELHQW DLU VXFK DV +2 DQG 2 WR FRPSHQVDWH WKH XQVDWXUDWHG FKDUJHV RI WKH: G
RUELWDOV,QWKHFDVHRI:6*UZHSURSRVHWKDWWKHWUDQVIHUUHGH[WUDFKDUJHVPD\FRPSHQVDWHWKH
XQVDWXUDWHG:RUELWDOV E\ VWURQJ ELQGLQJ EHWZHHQ WKH WZR OD\HUV VXFK DV D VWURQJ FKDUJHWUDQVIHU
LQGXFHGGRSLQJHIIHFW$V D UHVXOW:6*UPD\EH VWDEOHZLWKRXWDGVRUSWLRQRI H[WHUQDOFKDUJHG
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HIIHFWRYHUWLPH&RQVHTXHQWO\WKH3/LQWHQVLW\RIWKHDJHG:6*UEHFRPHVZHDNHUDIWHUWKHDJLQJ
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)LJXUHI7KHSUHVHQFHRIVWDEOH:HGJHVHYHQZLWKRXW6
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
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7RFRQFOXGHZHKDYHVKRZQWKDWFKHPLFDOYDSRUGHSRVLWHGPRQROD\HU70'PDWHULDOVDUHQRWDLU
VWDEOH XQGHU DPELHQW FRQGLWLRQV URRP WHPSHUDWXUH DQG DWPRVSKHULF SUHVVXUH DQG DUH SURQH WR
HQYLURQPHQWDOGHJUDGDWLRQRYHUDSHULRGRIVHYHUDOPRQWKV7KHJUDGXDOR[LGDWLRQRIWKHVHDWRPLFDOO\
WKLQPDWHULDOVLQDPELHQWFRQGLWLRQVRFFXUVGXHWRWKHSUHVHQFHRIR[\JHQDQGPRLVWXUH7KHQZHKDYH
SUHVHQWHGDQHSLWD[LDOJURZWKRIUHPDUNDEO\DLUVWDEOH70'VPRQROD\HUVREWDLQHGE\VLPSO\XWLOL]LQJ
JUDSKHQHDVDVXEVWUDWHZLWKRXWHQFDSVXODWLRQWKDWLVLQFRQWUDVWWRWKHFRPPRQVKRUWWHUPGHJUDGDWLRQ
RI70'IODNHVJURZQRQWKHFRQYHQWLRQDOGLHOHFWULFVXEVWUDWHVREVHUYHGLQUHFHQWUHSRUWV:HVKRZHG
WKDWJUDSKHQHFDXVHVWKHXQLIRUPQXFOHDWLRQRIPRQROD\HU:6IODNHVZKLFKUHVXOWVLQDJHQXLQHYG:
HSLWD[\ ZLWK QHJOLJLEOH ODWHUDO VWUDLQ DQG VWURQJ LQWHUOD\HU FRXSOLQJ LQ WKH XQLIRUP:6JUDSKHQH
KHWHURVWUXFWXUHV%HFDXVHRIWKHKLJKFU\VWDOOLQLW\DQGFKDUJHWUDQVIHUHIIHFWWKH:6JUDSKHQHVDPSOHV
KDYHDFOHDQXQLIRUPVXUIDFHZLWKRXWDQ\HQFDSVXODWLRQHYHQDIWHUGD\VLQDPELHQWDLUFRQGLWLRQV
0RUHRYHU ZH SURSRVH WKH SRVVLEOH PHFKDQLVP IRU WKH ODFN RI DJLQJUHODWHG GHWHULRUDWLRQ LQ RXU
HQFDSVXODWLRQIUHH:6JUDSKHQHVDPSOHV2XUUHVXOWVFDQSDYHWKHZD\IRUWKHUHDOL]DWLRQRIKLJK
SHUIRUPDQFHDQGDLUVWDEOHYG:KHWHURVWUXFWXUHEDVHGHOHFWURQLFDQGRSWRHOHFWURQLFGHYLFHV
)XWXUHZRUNVKRXOGLQYHVWLJDWHWKHDLUVWDELOLW\RI70'VZLWKFKDOFRJHQVRWKHUWKDQ6DVZHOODV
FDUHIXO RSWLPL]DWLRQ RI WKH FDSSLQJ RU HQFDSVXODWLRQ OD\HU IRU SURORQJHG VWDELOLW\ XQGHU DPELHQW
FRQGLWLRQV$QRWKHUIDFWRUWKDWQHHGVWREHVWXGLHGLQGHWDLOLVWKHUROHRIWKHVXEVWUDWH6XEVWUDWHVWKDW
JLYH EHWWHU HSLWD[\ IRU 70'V FRXOG UHQGHU WKHP PRUH UREXVW DJDLQVW DPELHQW DWWDFN $OVR WKH
ZHWWDELOLW\RUVXUIDFHFKDUJHRIWKHVXEVWUDWHFRXOGDOVRSOD\DQLPSRUWDQWUROH)RUH[DPSOHVXEWUDWHV
WKDWDUHVLJQLILFDQWO\PRUHK\GURSKRELFWKDQ6L26LFRXOGEHIDUPRUHUHVLVWDQWWRHQYLURQPHQWDODWWDFN
XQGHUZHWDQGKXPLGFRQGLWLRQV0RVWLPSRUWDQWO\LQGHSWKPRGHOLQJDQGVLPXODWLRQZRUNRIFRUURVLRQ
LQPRQROD\HU70'PDWHULDOVWRXQGHUVWDQGWKHPHFKDQLVPVE\ZKLFKVXOIXULVORVWDQGUHSODFHGE\
R[\JHQLVQHFHVVDU\
 


&+$37(5
'LIIHUHQW3URSHUWLHVRIYG:+HWHURVWUXFWXUHV'HSHQGLQJRQ'HIHFWVLQ7HPSODWH/D\HU
7KLVFKDSWHUZDVPRVWO\FRSLHGIURPUHIHUHQFH

,QWURGXFWLRQ 

$VWKHIDPLO\RIWZRGLPHQVLRQDO'PDWHULDOVH[SDQGVYHUWLFDORULQSODQHYDQGHU:DDOVYG:
KHWHURVWUXFWXUHVDUHRIJUHDWLQWHUHVWVGXHWRWKHQRYHOIXQGDPHQWDOSURSHUWLHVDQGZLGHUDQJHRI
FDSDELOLWLHVRIWKHVH'PDWHULDOV$XQLTXHFKDUDFWHULVWLFRIWKHVH'PDWHULDOVLVWKHIDFLOHIRUPDWLRQ
RIYG:KHWHURVWUXFWXUHVE\VWDFNLQJOD\HUVRIGLIIHUHQWPDWHULDOVDQGWKLFNQHVVHV7KHSURSHUWLHVDQG
SHUIRUPDQFHVRIWKHYG:KHWHURVWUXFWXUHVDUHVLJQLILFDQWO\DIIHFWHGE\WKHLUVWDFNLQJJHRPHWULHVDQG
LQWHUOD\HUFRXSOLQJLQFOXGLQJLQWHUOD\HUFKDUJHWUDQVIHUDQGHQHUJ\WUDQVIHUDQGWKHLUDSSOLFDWLRQLQ
GHYLFHVOLNHWUDQVLVWRUVDQGGLRGHVKDYHWULJJHUHGDJUHDWGHDORIHQWKXVLDVP+RZHYHUWKHODUJH
VFDOHIRUPDWLRQRIKLJKTXDOLW\YG:KHWHURVWUXFWXUHVZLWKDWRPLFDOO\FOHDQDQGVKDUSKHWHURLQWHUIDFHV
HVVHQWLDOIRUSUHVHUYLQJRSWRHOHFWURQLFSURSHUWLHVJHQHUDWHGE\LQWHUOD\HUFRXSOLQJUHPDLQVDFULWLFDO
WHFKQRORJLFDOLVVXH 
&KHPLFDOYDSRUGHSRVLWLRQ&9'KDVVRIDUEHHQXWLOL]HGIRUWKHV\QWKHVLVRIOD\HUHG'PDWHULDOV
DQGWKHLUKHWHURVWUXFWXUHVZKLFKDUHUHJXODUDQGVFDODEOHLQSULQFLSOH,QHVVHQFHW\SLFDOILOPV
RIODUJHVFDOH'PDWHULDOVSURGXFHGE\&9'DUHSRO\FU\VWDOOLQHLQQDWXUHDQGFRQWDLQDKLJKGHQVLW\
RIDWRPLFDQGVWUXFWXUDOGHIHFWVOLNHYDFDQFLHVDGDWRPVZULQNOHVDQGOLQHGHIHFWVZKLFKDUHDVVRFLDWHG
ZLWK D EURNHQ ODWWLFH V\PPHWU\ D PRGLILHG HQHUJ\ ODQGVFDSH DQG TXDQWXP FRQILQHPHQW 
3DUWLFXODUO\ WKHVH ORFDOL]HGKHWHURJHQHLWLHV VWURQJO\ DIIHFW WKHHOHFWURQLFSURSHUWLHVRI'PDWHULDOV
HJHOHFWURQVFDWWHULQJWUDQVSRUWH[FLWDWLRQHWF,QDGGLWLRQGHIHFWVLQWKHWHPSODWHOD\HUFDQKDYH
DSURIRXQGHIIHFWRQWKHQXFOHDWLRQDQGJURZWKRIKHWHURVWUXFWXUHVEHFDXVHGDQJOLQJERQGVDWYDFDQF\
GHIHFWVFXUYHGZULQNOHVDQGJUDLQERXQGDULHV*%VDUHPRUHUHDFWLYHDQGKDYHLQWHUDFWLRQVWUHQJWKV
GLIIHUHQWIURPWKDWRIDSULVWLQHUHJLRQ+RZHYHUWKHHIIHFWVRIDWRPLFDQGVWUXFWXUDOGHIHFWVRQWKH
LQWHUOD\HUSURSHUWLHVRUFRQILJXUDWLRQKDYHQRWSUHYLRXVO\EHHQFRQVLGHUHG,QVWHDGSUHYLRXVWKHRUHWLFDO
DQGH[SHULPHQWDOVWXGLHVKDYHFRQVLGHUHGRQO\WKHGHIHFWIUHHWHPSODWHV
+HUHLQWKHHIIHFWVRIDWRPLFDQGVWUXFWXUDOGHIHFWVRQWKHLQWHUOD\HUSURSHUWLHVLQYHUWLFDOO\VWDFNHG
YDQGHU:DDOV+HWHURVWUXFWXUHVZHUHUDWLRQDOL]HGXVLQJ WZR W\SHVRI:6JURZQRQSRO\FU\VWDOOLQH
JUDSKHQH:6IODNHVRQWKHJUDSKHQHGHIHFWV':6DQGSULVWLQHEDVDOSODQH%:6,QWHUHVWLQJO\
DOWKRXJK%DQG':6IODNHVH[KLELWGLIIHUHQWOD\HUGHIRUPDELOLW\WKHUPDOVWDELOLW\DQGSK\VLFDODQG
HOHFWULFDO SURSHUWLHV ERWK W\SHV RI:6 IODNHV KDYH WKH VDPH FU\VWDO VWUXFWXUH GHVSLWH WKH DWRPLF
GLVSODFHPHQWDQGODWWLFHGLVWRUWLRQEHQHDWKWKH':6IODNHV7KLVGLVFUHSDQF\LQPDWHULDOSURSHUWLHV
VXJJHVWVWKDWWKHGHIHFWVRIWKHXQGHUO\LQJWHPSODWHJUDSKHQHKDYHDVWURQJLQIOXHQFHRQWKHLQWHUOD\HU
LQWHUDFWLRQV EHWZHHQ WKH VWDFNLQJ OD\HUV RI:6 DQG JUDSKHQH DQ REVHUYDWLRQ LV VXSSRUWHG E\ D


FRPELQDWLRQRIWKHRUHWLFDODQGH[SHULPHQWDOUHVXOWV)XUWKHUPRUH':6IODNHVKDYHPRUHHIIHFWLYH
FKDUJHWUDQVSRUWDWWKHLQWHUIDFHWKDQWKDWRI%:6IODNHVEHFDXVHRIFRYDOHQWERQGLQJDQGODUJHURUELWDO
RYHUODSFRPSDUHGWRYDQGHU:DDOVYG:FRQWDFWV7KLVUHVXOWFDQUHDGLO\EHDSSOLFDEOHWRRWKHU'
YG:KHWHURVWUXFWXUHVDQGXQUDYHOVWKHLPSRUWDQFHRIXQGHUVWDQGLQJLQWHUOD\HUFRXSOLQJDQGLWVHIIHFW
RQREWDLQLQJGHVLUDEOHSURSHUWLHV

 


([SHULPHQWDO0HWKRGV

3UHSDUDWLRQRI:6*UKHWHURVWUXFWXUHV 
%DQG':6IODNHVZHUHVLPXOWDQHRXVO\V\QWKHVL]HGE\GLUHFWJURZWKRQ&9'JUDSKHQHZKLFK
KDGEHHQWUDQVIHUUHGRQ6L26LVXEVWUDWH$GHWDLOHGGHVFULSWLRQRIWKHSUHSDUDWLRQPHWKRGLVSUHVHQWHG
LQ&KDSWHU 
&KDUDFWHUL]DWLRQV
:HSHUIRUPHG6(0PHDVXUHPHQWVLQ6(DQG%6(PRGHVXVLQJDFROGILHOGHPLVVLRQ6(0)(
6(0+LWDFKL68ZLWKDQDFFHOHUDWLQJYROWDJHRIN97KH5DPDQVSHFWURVFRS\DQGPDSSLQJ
ZHUHREWDLQHGXVLQJD:L7HF$OSKD505DPDQV\VWHPHTXLSSHGZLWKDFRPSXWHUFRQWUROOHG[\
WUDQVODWLRQVWDJHDQGDQPH[FLWDWLRQVRXUFH'XULQJWKHPHDVXUHPHQWVWKHODVHUSRZHUZDVNHSW
EHORZP:DWWKHVDPSOHWRDYRLGODVHULQGXFHGWKHUPDOHIIHFWVRUGDPDJH
$OO$)0H[SHULPHQWVZHUHSHUIRUPHGXVLQJDFRPPHUFLDO$)0LQVWUXPHQW0XOWLPRGH%UXNHU
HTXLSSHGZLWKDVFDQQHUuȝPXQGHUDPELHQWFRQGLWLRQV7KHWRSRORJ\DQGSKDVHLPDJLQJ
ZHUH UHFRUGHG XVLQJ WKH WDSSLQJPRGH DQG DQWLPRQ\GRSHG VLOLFRQ WLSVZLWK WKH QRUPDO UHVRQDQFH
IUHTXHQF\RIaN+]DQGDVSULQJFRQVWDQWRIa1P(OHFWULFDOO\FRQGXFWLYHSODWLQXPLULGLXP
FRDWHGWLSVZLWKWKHQRUPDOUHVRQDQFHIUHTXHQF\RIaN+]DQGDVSULQJFRQVWDQWRIa1PZHUH
XVHGLQFRQWDFWPRGHWRPHDVXUHWKHFXUUHQWPDSDQG,9FXUYH%RWKHOHFWULFDOFKDUDFWHUL]DWLRQVZHUH
RSHUDWHGDW9'&ELDV    
:6*UKHWHURVWUXFWXUHVZHUHDQDO\]HGXVLQJDQDEHUUDWLRQFRUUHFWHG)(,7LWDQFXEH*
ZLWKDPRQRFKURPDWRU,WZDVRSHUDWHGDWN9DQGW\SLFDOHOHFWURQEHDPGHQVLWLHVZHUHDSSUR[LPDWHO\
u  HQP LQ RUGHU WR UHGXFH EHDPGDPDJH WR WKH VSHFLPHQ6HOHFWHG DUHD HOHFWURQ GLIIUDFWLRQ
6$('DQGGDUNILHOG7(0')7(0PRGHZHUHDSSOLHG IRUDQDO\VLVRI WKH*% LQJUDSKHQH ,Q
DGGLWLRQDVXEDQJVWURPUHVROXWLRQ67(0LPDJHZLWKSUREHDEHUUDWLRQFRUUHFWLRQZDVDQDO\]HGIRUWKH
DWRPLFVWUXFWXUHRI%:6DQG':6IODNHVZLWK=FRQWUDVW/RZORVV((/6DQDO\VHVZHUHFDUULHG
RXWIRUFRPSDULQJHOHFWURQLFVWUXFWXUHV7KHHQHUJ\UHVROXWLRQZDVaH9DQGHQHUJ\GLVSHUVLRQZDV
H9
')7FDOFXODWLRQV 
6SLQSRODUL]HG')7FDOFXODWLRQVZHUHFDUULHGRXWXVLQJ9LHQQDDELQLWLRVLPXODWLRQSDFNDJH9$63
FRGH7KHFDOFXODWLRQVZHUHSHUIRUPHGZLWKLQWKHJHQHUDOL]HGJUDGLHQWDSSUR[LPDWLRQ**$RIWKH
3HUGHZ±%XUNH±(UQ]HUKRI 3%( IXQFWLRQDO DQG YG: LQWHUDFWLRQ ZDV FRQVLGHUHG XVLQJ ')7'
VFKHPH%DVLVVHWFRQWDLQVSODQHZDYHVXSWRDQHQHUJ\FXWRIIRIH9IRULRQLFUHOD[DWLRQDQG
H9IRUFHOOUHOD[DWLRQDQGDOOWKHVWUXFWXUDOUHOD[DWLRQVZHUHSHUIRUPHGXQWLOWKHWRWDOHQHUJ\GLIIHUHQFHV
EHWZHHQHDFKUHOD[DWLRQVWHSVDUHVPDOOHUWKDQH9:HPRGHOHGWZRW\SHVRIVXSHUFHOOWRLQYHVWLJDWH
LQWHUDFWLRQVEHWZHHQ:6PRQROD\HUDQGJUDSKHQH7KHILUVWPRGHOLVDKH[DJRQDOVXSHUFHOOZKLFKZDV
PDGHRIîJUDSKHQHDQGî:67KHVHFRQGPRGHOLVDQRUWKRUKRPELFVXSHUFHOOZKLFKZDV


PDGHRIRQHRIWKHPRVWVWDEOHODUJHDQJOH*%VWUXFWXUHRIJUDSKHQHPLVRULHQWDWLRQDQJOHa
DQGîRUWKRUKRPELF:6VWUXFWXUH9DFXXPUHJLRQRIacZDVDOVRFRQWDLQHGLQWKHSHUSHQGLFXODU
GLUHFWLRQ RI JUDSKHQH DQG:6:H FKRVH WKH DSSURSULDWH VL]H RI VXSHUFHOO WR UHGXFH ERWK ODWWLFH
PLVPDWFKDQGFRPSXWDWLRQDOFRVW/DWWLFHPLVPDWFKHVDUHIRUDKH[DJRQDOVXSHUFHOODQG
[DQG\GLUHFWLRQVFRUUHVSRQGLQJO\IRUDQRUWKRUKRPELFVXSHUFHOOEXWLWGRHVQRWKDYHVLJQLILFDQW
HIIHFWRQWKHUHVXOWV0RQNKRUVW3DFNVFKHPHZDVXVHGWRVDPSOHWKH%ULOORXLQ]RQHZLWKîî
JULGIRUDKH[DJRQDOVXSHUFHOODQGîîJULGIRUDQRUWKRUKRPELFVXSHUFHOO

 


&ODVVLILFDWLRQRI70'V*U+HWHURVWUXFWXUH$FFRUGLQJWR0RUSKRORJLFDO'LIIHUHQFHVRI
*UDSKHQH 

$UHSUHVHQWDWLYHVFDQQLQJHOHFWURQPLFURVFRS\6(0LPDJHRI:6IODNHVVLPXOWDQHRXVO\JURZQ
RQJUDSKHQHLVGHSLFWHGLQ)LJXUHDUHYHDOLQJWZRW\SHVRI:6IODNHVUHODWLYHO\VPDOOLUUHJXODU
IODNHV ':6 IODNHVPDUNHGZLWKDUHGFLUFOH WKDWDSSHDUDORQJ OLQHIHDWXUHVDQG ODUJH WULDQJXODU
IODNHVZLWKVKDUSDQGSDUDOOHOHGJHV%:6IODNHVPDUNHGZLWKDEOXHFLUFOH 


)LJXUHD6(0LPDJHVRI:6IODNHVGLUHFWO\JURZQRQDJUDSKHQHWHPSODWH,QVHWWKH
FRUUHVSRQGLQJVFKHPDWLFLOOXVWUDWLRQIRU%DQG':6IODNHVPDUNHGDXVLQJEOXHDQGUHGFLUFOHV
UHVSHFWLYHO\EF/RZPDJQLWXGH7(0LPDJHVZLWK6$('SDWWHUQVDQGGHDWRPLFUHVROXWLRQ
67(0LPDJHVRIEG%DQGFH':6IODNHV

7KHVWUXFWXUDOGHIHFWVRIJUDSKHQHHJYDFDQFLHVZULQNOHVDQG*%VDUHFRPPRQQXFOHDWLRQVLWHV
IRUJURZWKDQGDGVRUSWLRQEHFDXVHRIWKHKLJKUHDFWLYLWLHVRIWKHVWUDLQHGVSERQGDQGH[SRVHGGDQJOLQJ
ERQGV 7KHUHIRUH QXFOHDWLRQ RI ':6 IODNHV LV DFKLHYHG HDUOLHU WKDQ WKDW RI %:6 IODNHV DV
REVHUYHGHDUO\LQWKHJURZWKSURFHVV)LJXUH,QVWHDGWKHODUJHELQGLQJHQHUJ\RIWKHVHGHIHFWVLWHV
LVLQWLPDWHO\UHODWHGWRDKLJKGLIIXVLRQEDUULHUWKDWIXUWKHUKLQGHUVWKHJURZWKDQGHQODUJHPHQWRI'
:6IODNHV7UDQVPLVVLRQHOHFWURQPLFURVFRS\7(0ZDVXVHGWRFKDUDFWHUL]HWKHFU\VWDOVWUXFWXUHDQG
TXDOLW\RIERWK W\SHVRI:6 IODNHVRQJUDSKHQH)LJXUHVEDQGFVKRZORZPDJQLILFDWLRQ7(0
LPDJHVDQG WKHFRUUHVSRQGLQJVHOHFWLYHDUHDHOHFWURQGLIIUDFWLRQ6$('SDWWHUQVRI%DQG':6


IODNHV UHVSHFWLYHO\ 7KH LQVHW LPDJH LQ )LJXUH E GHSLFWV WZR ZHOODUUDQJHG VHWV RI KH[DJRQDO
GLIIUDFWLRQVSRWVWKHLQQHUVHWIURP:6IODNHVD QPDQGWKHRXWHUVHWIURPJUDSKHQHD 
QP7KLVILJXUHFRQILUPVWKDWWKHFU\VWDOTXDOLW\LVJRRGDQGERWK%:6DQGJUDSKHQHDUHVLQJOH
FU\VWDOVZLWKWKHVDPHRULHQWDWLRQDVH[SHFWHGIURPHSLWD[LDOJURZWK7KH6$('SDWWHUQIURPWKH\HOORZ
GRWWHGOLQHLQ)LJXUHFLVLQJRRGDJUHHPHQWZLWK)LJXUHEDOWKRXJKWKHWZRVHWVRIGLIIUDFWLRQ
VSRWVLQGLFDWHD*%EHWZHHQWZRJUDSKHQHJUDLQV)LJXUHVGDQGHVKRZWKHUHSUHVHQWDWLYHDWRPLF
UHVROXWLRQ VFDQQLQJ 7(0 67(0 LPDJHV IURP WKH VDPH IODNHV DV VKRZQ LQ )LJXUHV E DQG F
UHVSHFWLYHO\ 1R QRWLFHDEOH GHIHFWV RU VWUXFWXUDO PRGXODWLRQ LV REVHUYHG LQ HLWKHU RI WKHVH LPDJHV
VXJJHVWLQJWKDWERWK%:6DQG':6IODNHVSRVVHVVKLJKFU\VWDOOLQLW\ 



)LJXUHD5HSUHVHQWDWLYH6(0LPDJHVRI:6JURZQRQJUDSKHQHREWDLQHGDWWKHHDUO\VWDJHRI
JURZWKZLWKDUHGXFHGJURZWKWLPHPLQE$KLJKPDJQLILFDWLRQ6(0LPDJHRID


 


,PSDFWRI'HIHFWVRQ3URSHUWLHVRI70'V*UDSKHQH+HWHURVWUXFWXUHV

&RPSDUDWLYH6WXG\RI3K\VLFDO3URSHUWLHVLQ+HWHURVWUXFWXUHV

$Q$)0WRSRJUDSK\LPDJHLVDOVRSUHVHQWHGLQ)LJXUHDWRVWXG\WKHPRUSKRORJLHVRIWKHDV
JURZQ:6IODNHV7KHXQLIRUPFRORUFRQWUDVWLQGLFDWHVWKDWWKHWKLFNQHVVRIWKHJURZQ:6IODNHVLV
KRPRJHQHRXV7KHFRUUHVSRQGLQJKHLJKWSURILOHVLQWZRW\SHVRI:6IODNHVGLVSOD\DQDYHUDJHKHLJKW
RIaQPUHODWLYHWRWKDWRIJUDSKHQH)LJXUHEYHULI\LQJWKHIRUPDWLRQRIPRQROD\HU:6
KRZHYHU DQ REYLRXV FRQWUDVW GLIIHUHQFH LV REVHUYHG LQ WKH SKDVH LPDJH )LJXUH F WKDW ZDV
VLPXOWDQHRXVO\DFTXLUHGZLWK)LJXUHDXVLQJWDSSLQJPRGH$)0&RPSDUHGWRERWK%:6IODNHV
DQGDQH[SRVHGJUDSKHQHVXUIDFH':6IODNHVVKRZPXFKEULJKWHUFRQWUDVW$SKDVHLPDJHLVREWDLQHG
E\ UHFRUGLQJ WKHSKDVH VKLIWEHWZHHQ WKHH[FLWDWLRQ IRUFHDQG WKH WLS UHVSRQVH3UHVHQWO\ WKLV$)0
WHFKQLTXH LV DYHUVDWLOH WRRO IRUPDSSLQJYDULDWLRQV LQ WKH FRPSRVLWLRQ IULFWLRQYLVFRHODVWLFLW\ DQG
DGKHVLRQRIVXUIDFHVZLWKQDQRVFDOHVSDWLDOUHVROXWLRQ7KHSKDVHVKLIWDQJOHοɔLVUHODWHGWRWKHORFDO
HQHUJ\GLVVLSDWLRQܧௗ௜௦RQWKHVXUIDFHDFFRUGLQJWRWKHIROORZLQJ(TXDWLRQ
ܧௗ௜௦ ൌ  ቂ ቀ
గ
ଶ
െ ο߮ቁ െ
஺ೞ೛
஺బ
ቃ ൈ
గ௞ ೞ೛஺బ
ொ
  
ZKHUH ܣ௦௣ LVWKHDPSOLWXGHVHWSRLQWRIWKH$)0FDQWLOHYHURVFLOODWLRQV ܣ଴ LVWKHIUHHRVFLOODWLRQ
DPSOLWXGHDQG ݇ DQG ܳ DUHWKHIRUFHFRQVWDQWVRIWKH$)0FDQWLOHYHUDQGTXDOLW\IDFWRUUHVSHFWLYHO\
%DVHG RQ )LJXUH F WKH PHDVXUHG οɔ RI %:6 ':6 DQG JUDSKHQH DUH R R DQG R
UHVSHFWLYHO\ 7KLV PHDVXUHPHQW ZDV SHUIRUPHG VLPXOWDQHRXVO\ ZLWK WKH VDPH$)0 FDQWLOHYHU DQG
LPDJLQJFRQGLWLRQVR(TXDWLRQLVGHWHUPLQHGRQO\E\WKHYDOXHRI οɔ$VDUHVXOWWKHEULJKWHU
SKDVHFRQWUDVWRI':6IODNHVLQGLFDWHVDVPDOOHUYDOXHRI ܧௗ௜௦VXJJHVWLQJWKDW':6IODNHVDUHOHVV
GHIRUPDEOH WKDQ%:6 IODNHV DQG WKH H[SRVHGJUDSKHQHDUHD+RZHYHU DFFRUGLQJ WR WKHSUHYLRXV
VWXGLHVWKDWXVHGPXOWLOD\HUHGYG:PDWHULDOVWKHWRSOD\HULVSURQHWRGHIRUPDWLRQDQGKDVDODUJHU
FRQWDFW DUHD WKDW GLVVLSDWHV PRUH HQHUJ\ 7KLV GLVFUHSDQF\ VXJJHVWV WKDW ':6 IODNHV KDYH DQ
XQXVXDOO\WLJKWLQWHUDFWLRQZLWKWKHXQGHUO\LQJJUDSKHQHZLWKRXWVLJQLILFDQWGLVRUGHUVDQGGHIHFWVDV
REVHUYHGLQ)LJXUHHXQOLNH%:6IODNHVDQGRWKHUW\SLFDOYG:VWDFNHGPDWHULDOV
3UHYLRXVVWXGLHVUHSRUWHGOD\HUE\OD\HUWKHUPDOHWFKLQJRI70'VIURPWRSWRERWWRPZKHQH[SRVHG
WRDLUDWWHPSHUDWXUHVRYHUR&GXHWRWKHVWURQJFRYDOHQWERQGLQJZLWKLQWKH70'OD\HUDQGWKH
ZHDNLQWHUDFWLRQEHWZHHQWKHVWDFNHGOD\HUV)LJXUHVDDQGEVKRZEDFNVFDWWHUHGHOHFWURQ%6(
PRGH6(0LPDJHVRI:6 IODNHVRQJUDSKHQHEHIRUHDQGDIWHUDQQHDOLQJDW R& LQDPELHQWDLU
)LJXUHEVKRZV WKDW%:6 IODNHV DUH UHPRYHGFRPSOHWHO\ DIWHUD WKHUPDO WUHDWPHQW IRUK DV
H[SHFWHG+RZHYHUXQGHUWKHVDPHFRQGLWLRQV':6IODNHVDUHWKHUPDOO\VWDEOHRQJUDSKHQHZLWK
MXVWDOLWWOHEURDGHQLQJRIWKH5DPDQSHDNV)LJXUHF7KLVUHVXOWDOVRVXJJHVWVWKDWWKHLQWHUOD\HU
LQWHUDFWLRQH[LVWVEHWZHHQ':6DQGJUDSKHQHGLIIHUHQWWKDQWKDWRI%:6DQGJUDSKHQH



)LJXUHD7KHWRSRJUDSK\KHLJKWLPDJHDQGOLQHSURILOHVDFURVVLVRODWHG%:6IODNHVEOXH
OLQHDQG':6IODNHVUHGOLQHF7KHSKDVHLPDJHRI:6IODNHVJURZQRQJUDSKHQHPHDVXUHG
XVLQJWKHWDSSLQJPRGH$)0 


)LJXUHDE6(0LPDJHVRI%DQG':6IODNHVDEHIRUHDQGEDIWHUDQQHDOLQJDWR&LQ
DLUIRUKF5DPDQVSHFWUDPHDVXUHGRQ':6IODNHVEHIRUHDQGDIWHUDQQHDOLQJ


$GGLWLRQDOHYLGHQFHFRPHVIURPWKHEHDPGDPDJHWHVW)LJXUHVKRZVWKHNQRFNRQGDPDJHG
+57(0LPDJHVRI%:6DQG':6IODNHV.QRFNRQGDPDJHUHIHUVWRWKHSURFHVVLQYROYLQJGLUHFW
HODVWLFFROOLVLRQVEHWZHHQLPDJLQJHOHFWURQVDQGWDUJHWDWRPV LQGXFHGE\KLJKHOHFWURQHQHUJ\7KLV
GDPDJHLVVXEVWDQWLDOLQ'PDWHULDOVEHFDXVHWKHDFFHOHUDWLQJYROWDJHLQ7(0LVFRPSDUDEOHWRWKH
WKUHVKROGHQHUJ\RINQRFNRQGDPDJHVXFKDVN9IRUFDUERQDQGN9IRUVXOIXU.QRFNRQ
GDPDJHIURP7(0LVSDUWLFXODUO\GRPLQDQWLQWKHERWWRPOD\HUGXHWRWUDQVPLWWHGHOHFWURQV%HFDXVH
WUDQVIHUULQJWKHVDPSOHWRWKH7(0JULGFUHDWHVDIOLSSHGRYHUVWUXFWXUHNQRFNRQGDPDJHLVSUHYDOHQW
LQWKH:6OD\HU7KHUHIRUHDVVKRZQLQ)LJXUHDWKHJUDSKHQHODWWLFHLVREVHUYHGLQWKHGDPDJHG
:6UHJLRQZLWKWKHPLVVLQJDWRPVIURPWKH%:6OD\HU2QWKHRWKHUKDQG':6IODNHVLQ)LJXUH
EH[KLELWGDPDJHIURPHEHDPLUUDGLDWLRQPHDQLQJWKDWERWK:6IODNHVDQGJUDSKHQHDUHGDPDJHG
VLPXOWDQHRXVO\ 3UHYLRXV ZRUN UHSRUWHG WKDW WKH UDWH RI NQRFNRQ GDPDJH UHIOHFWV WKH H[WHQW RI
LQWHUDWRPLFERQGLQJ,RQLFRUFRYDOHQWERQGLQJZLWKVSK\EULGRUELWDOVLVZHDNHUWKDQLQWHUDWRPLF
ERQGLQJZLWKVSK\EULGRUELWDOV7KXVZHFDQSUHGLFWKRZWKHGLIIHUHQFHLQWKHLQWHUDWRPLFERQGLQJ
EHWZHHQWKHWZRW\SHVRI:6IODNHVDQGJUDSKHQHUHVXOWVLQVXEVWDQWLDOO\GLIIHUHQWNQRFNRQGDPDJH

)LJXUHDE$WRPLFUHVROXWLRQ7(0LPDJHVRINQRFNRQGDPDJHGDUHDLQD%DQGE':6
IODNHVUHVSHFWLYHO\ZLWKVLPSOHVFKHPDWLFLOOXVWUDWLRQV


8QGHUVWDQGLQJ,QWHUIDFLDO*HRPHWULHV

7RXQUDYHOWKHGLIIHUHQWLQWHUIDFLDOSURSHUWLHVRI':6IODNHVWKHELQGLQJHQHUJLHVEHWZHHQ:6
DQGJUDSKHQH*%V*U*%VZHUHLQYHVWLJDWHGXVLQJVSLQSRODUL]HG')7FDOFXODWLRQVLQFOXGLQJYG:
FRUUHFWLRQ*ULPPH¶V'PHWKRG7KHELQGLQJHQHUJ\LVGHILQHGDVIROORZLQJ(TXDWLRQ 
ܧ௕ ൌ ܧௐௌమ ൅ ܧ௚௥௔௣௛௘௡௘ െ ܧ௧௢௧௔௟ 
ZKHUH ܧௐௌమ ܧ௚௥௔௣௛௘௡௘ DQG ܧ௧௢௧௔௟ GHQRWH WKH WRWDO HQHUJ\ RI LVRODWHG:6 JUDSKHQH DQG
:6JUDSKHQHV\VWHPUHVSHFWLYHO\:HILUVWFRQVLGHUWKH%:6FDVHXVLQJDSHULRGLF ൈ VXSHUFHOO
RI:6DQGGHIHFWIUHHîRIJUDSKHQH)LJXUHD7KHELQGLQJHQHUJ\ܧ௕SHUIXQFWLRQDOXQLW
H9LQGLFDWHVWKDWLQWHUDFWLRQEHWZHHQ:6DQGGHIHFWIUHHJUDSKHQHLVYG:IRUFHDVGHVFULEHG
LQ SUHYLRXV UHSRUWV )RU':6ZH WDNH WKH RUWKRUKRPELF VXSHUFHOO 'HWDLOHG LQIRUPDWLRQ VHHQ LQ
H[SHULPHQWDOVHFWLRQZKLFKZDVPDGHRIRQHRIWKHPRVWVWDEOHODUJHDQJOH*%VWUXFWXUHRIJUDSKHQH
PLVRULHQWDWLRQ DQJOH a DQG  î  RUWKRUKRPELF:6 VWUXFWXUH %HVLGHV WKH SULVWLQH *U*%
GHIHFWLYH*U*%VZLWKYDFDQFLHVRUVXEVWLWXWLRQDODWRPVDUHDOVRFRPPRQLQJUDSKHQHGXHWRWKHKLJK
UHDFWLYLW\DQGDGVRUSWLRQHQHUJ\RI*U*%V7KHUHIRUHFDOFXODWLRQVZHUHSHUIRUPHGWRLQYHVWLJDWH
WKHRSWLPL]HGJHRPHWULHVRISULVWLQH*U*%VDQG*%VZLWKGHIHFWVHJYDFDQFLHVDQGVRXUFHDWRPV
:DQG6VXEVWLWXWHGYDFDQFLHV 




)LJXUHDE7KHRSWLPL]HGVWUXFWXUHRID:6RQSULVWLQHJUDSKHQH%:6FDVHDQGE:6
RQ:VXEVWLWXWHG*U*%':6FDVHDIWHUIXOOUHOD[DWLRQ6ROLGOLQHVGHQRWHERXQGDU\RIHDFK
VXSHUFHOO*%VRIJUDSKHQHDUHLQGLFDWHGZLWKSLQNFRORUHGUHJLRQVF7KHLVRVXUIDFHPDSVRIFKDUJH
GHQVLW\IRUWKHRSWLPL]HGVWUXFWXUHLQDDQGEUHVSHFWLYHO\7KHLVRVXUIDFHOHYHOLVuHD
DLVD%RKUUDGLXVGJ'HQVLW\RIVWDWHV'26RIGI:6RQSULVWLQHJUDSKHQHDQGHJ:6RQ
:VXEVWLWXWHG*U*%QHDUWKH)HUPLOHYHO'RWWHGUHFWDQJXODUUHJLRQVLQGDQGHDUHVKRZQLQWKH
PDJQLILHGYLHZRIIDQGJ%OXHDQGUHGVKDGHGDUHDVLQJLQGLFDWHHOHFWURQVKDULQJEHWZHHQ:6
IODNHVDQGJUDSKHQHZLWK:DWRPLFEULGJH



7DEOH&RPSXWHGELQGLQJHQHUJLHVDQGERQGLQJSUHGLFWLRQVRI:6RQSULVWLQHDQGGHIHFW
FRQWDLQLQJJUDSKHQHFDVHV


7KHREWDLQHGELQGLQJHQHUJLHVRI*U*%VIRU:6DUHSUHVHQWHGLQ7DEOH$PRQJWKHSRVVLEOH
*U*%FDVHVWKHPRVWVWDEOHVWUXFWXUHIRUD:6OD\HULVIRXQGWREHD:VXEVWLWXWHG*U*%FDVH7KH
IDLUO\KLJKELQGLQJHQHUJ\GLIIHUHQFHDOPRVWH9LQWRWDOHQHUJ\GULYHVWKHIRUPDWLRQRIDJUDSKHQH
::6QHWZRUN$FFRUGLQJO\)LJXUHEVKRZVWKHRSWLPL]HGVWUXFWXUHRIIXOO\UHOD[HG:6RQWKH
:VXEVWLWXWHG*U*%WKDW LQFOXGHVDFRYDOHQWERQGEHWZHHQWKHVXEVWLWXWHG:DWRPDQGWKHHGJH6
DWRP RI WKH:6 PRQROD\HU:H REVHUYH WKDW WKH RSWLPL]HG VWUXFWXUH RI WKH:6 OD\HU LV QHDUO\
XQDIIHFWHGE\WKHLUORFDOHQYLURQPHQWVDQGVLPLODU WRWKHVWUXFWXUHRI LVRODWHG:6DVVKRZQLQWKH
7(0LPDJHVLQ)LJXUHVEH7RIXUWKHUFRQILUPERQGLQJEHWZHHQ:6DQGJUDSKHQHZHSHUIRUPHG
FKDUJHGHQVLW\DQDO\VLV)LJXUHF&RPSDUHGZLWK:6RQSULVWLQHJUDSKHQHWKH%:6FDVHWKH
SUHGLFWHG':6FDVHVKRZV WKDWFKDUJHUHGLVWULEXWLRQPRVWO\RFFXUV LQWKHFRQWDFW UHJLRQEHWZHHQ
:6DQG:VXEVWLWXWHG*U*%RULJLQDWLQJIURPWKHK\EULGRUELWDOV 
,QDGGLWLRQWRWKHFDOFXODWLRQVZHDOVRSHUIRUPHGDQ((/6VWXG\WRKDYHDEHWWHUXQGHUVWDQGLQJRI
WKH ERQGLQJ QDWXUH EHWZHHQ WZR KHWHURVWUXFWXUHV$Q ((/6 LQ 67(0 SURYLGHV LQIRUPDWLRQ RQ ʌ
SODVPRQ DQG ʌı SODVPRQ ZLWK FRQVLGHUDEOH LQSODQH FRPSRQHQWV IURP VHYHUDO PLOOLUDGLDQV RI
FROOHFWLRQ DQJOHV $V REVHUYHG LQ )LJXUHV EH WKHUH DUH QR GLIIHUHQFHV EHWZHHQ WKH ODWWLFH
SDUDPHWHUVRUVWUXFWXUHVRI%DQG':6IODNHV+RZHYHU)LJXUHVKRZVVLJQLILFDQWO\GLIIHUHQW
ORZORVVHOHFWURQH[FLWDWLRQVRIJUDSKHQHLQ%:6DQG':6IODNHV7KHʌSODVPRQSHDNDWDURXQG
a H9 LV SUHVHQWHG LQ %:6 IODNHV OLNH D SULVWLQH JUDSKHQHPRQROD\HU ZKHUHDV WKH UHGXFHG ʌ
SODVPRQSHDNLQ':6IODNHVLQGLFDWHVWKHGHJUDGDWLRQRIWKLVFKDUDFWHULVWLFRILQWULQVLFJUDSKHQH,Q
DGGLWLRQWKHUHLVDVLJQLILFDQWEOXHVKLIWLQWKHʌıSODVPRQUHJLRQRI%:6IODNHVFRPSDUHGWRWKDW
RI':6IODNHVDQGWKHUHSRUWHGʌıSODVPRQUHJLRQaH9RISULVWLQHJUDSKHQHPRQROD\HU
,QSUHYLRXVUHVHDUFKWKHEXONSODVPRQUHJLRQDFRPELQDWLRQRIʌDQGıHOHFWURQLFH[FLWDWLRQV
RIDVHPLFRQGXFWRUZDVVXJJHVWHGWRUHIOHFWZHDNO\ERXQGYDOHQFHHOHFWURQV7KHUHIRUHDVKLIWLQWKH
ʌıSODVPRQSHDNLVUHODWHGWRWKHGHQVLW\RIYDOHQFHHOHFWURQV,QWKHFDVHRI%:6IODNHVWKHYDOHQFH
HOHFWURQVLQ:6DQGJUDSKHQHDUHVXSHULPSRVHGXSRQHDFKRWKHUYLDYG:ERQGLQJZLWKQRSUDFWLFDO
ERQGVEHWZHHQYDOHQFHHOHFWURQVUHVXOWLQJLQLQFUHDVHGYDOHQFHHOHFWURQGHQVLW\DQGDVLJQLILFDQWEOXH
 3HUIHFW*UEDVDOSODQH
3ULVWLQH
*U*%
*U*%
ZLWKYDFDQF\
6VXEVWLWXWHG
*U*%
:
VXEVWLWXWHG
*U*%
%LQGLQJ(
SHUIXH9     
%RQGEHWZHHQ
JUDSKHQHDQG:6
YG: YG: YG: YG: &RYDOHQW


VKLIWLQWKHEXONSODVPRQSHDN2QWKHFRQWUDU\LQWKHFDVHRI':6IODNHVZHFDQHVWLPDWHWKDW
YDOHQFHHOHFWURQVDUHVKDUHGEHWZHHQ:6IODNHVDQGJUDSKHQHGHIHFWVZLWKVXEVWLWXWHG:DWRPVWKDW
KDYH QXPHURXV XQILOOHG YDOHQFH HOHFWURQV:H WKHQ YDOLGDWH WKH HVWLPDWLRQ XVLQJ GHQVLW\ RI VWDWH
'26DQDO\VLV)LJXUHGJDQGGHPRQVWUDWHWKDWYDOHQFHHOHFWURQVRI:6JUDSKHQHDQG:DWRPLF
EULGJHQHDUWKH)HUPLOHYHODUHVKDUHGHDFKRWKHUUHGVKDGHGDUHDLQ)LJXUHJ,QRWKHUZRUGVWKH
YDOHQFHHOHFWURQVRI':6IODNHVDQGGHIHFWLYHJUDSKHQHDUHVWURQJO\FRXSOHG 


)LJXUH/RZORVV((/6VSHFWUDLQ%:6IODNHVEOXHFXUYHDQG':6IODNHVUHGFXUYHRQ
JUDSKHQH


 


(OHFWULFDO&KDUDFWHUL]DWLRQVIRU(OHFWURQLFDQG-XQFWLRQ3URSHUWLHV

7KH IRUPDWLRQ RI LQWHUIDFLDO ERQGLQJ VKRXOG KDYH D GLUHFW HIIHFW RQ WKH HOHFWURQLF DQG MXQFWLRQ
SURSHUWLHV RI KHWHURVWUXFWXUHV &$)0PHDVXUHPHQWV XVLQJ JUDSKHQH DV D EDFN HOHFWURGH ZHUH
SHUIRUPHGWRHYDOXDWHRXWRISODQHFKDUJHWUDQVSRUWDWWKHLQWHUIDFHVEHWZHHQ%DQG':6IODNHVDQG
JUDSKHQH$3W,UFRDWHGFRQGXFWLYHWLSPHDVXUHGWKHFXUUHQWJHQHUDWHGE\WKHDSSOLHGELDVYROWDJHDVD
IXQFWLRQRI[\SRVLWLRQZKLOHPDLQWDLQLQJPHFKDQLFDOFRQWDFWZLWKWKHVXUIDFH7KHWRSRJUDSK\RIWKH
DVJURZQPRQROD\HURI:6IODNHVRQJUDSKHQH)LJXUHDVKRZVQRFRQWUDVWEHWZHHQIODNHVRI%
DQG':6DVGHVFULEHGDERYH7KHVLPXOWDQHRXVO\UHFRUGHGFXUUHQWPDSLVJLYHQLQ)LJXUHE$V
SUHGLFWHGEDVHGRQWKHLQGLYLGXDOHOHFWULFDOSURSHUWLHVRI:6IODNHVDQGJUDSKHQHORZHUFXUUHQWVDUH
UHFRUGHGRQ%:6IODNHVZKLFKPDNHVWKHIODNHGLVWLQFWIURPWKHVXUURXQGLQJJUDSKHQH,WKDVEHHQ
UHSRUWHGSUHYLRXVO\WKDW6FKRWWN\FRQWDFWVDUHIRUPHGEHWZHHQ:6DQGJUDSKHQHZLWKVPDOO6FKRWWN\
EDUULHU&RQVLVWHQWUHVXOWVDUHREWDLQHGIURPWKH,±9FXUYHVRQ%:6IODNHVEOXHFRORUHGFXUYHLQ
)LJXUHFVKRZLQJWKHQRQOLQHDUFKDUDFWHULVWLFVW\SLFDORIDPHWDOVHPLFRQGXFWRUMXQFWLRQ+RZHYHU
FRPSDUHGZLWK%:6WKHFXUUHQWPDSRQ':6IODNHVVKRZVHQKDQFHPHQWRIHOHFWULFDOFRQGXFWDQFH
ZLWKXQLIRUPFXUUHQWFRQWUDVWWKURXJKWKHHQWLUHIODNHGXHWRWKHFXUUHQWVSUHDGLQJLQ:6OD\HU



)LJXUHD7KHWRSRJUDSK\KHLJKWLPDJHDQGEFRUUHVSRQGLQJFXUUHQWLPDJHUHFRUGHGDW
9RI:6IODNHVJURZQRQJUDSKHQHF,9FXUYHVUHFRUGHGZLWK3W,UFRDWHGWLSRQ%:6
IODNHVEOXHFXUYHDQG':6IODNHVUHGFXUYHRQJUDSKHQH




,WLVZRUWKZKLOHWRQRWHWKDWDVWURQJFXUUHQWVSUHDGLQJLQ70'VZDVH[SHULPHQWDOO\REVHUYHGLQWKH
0R6PRQROD\HURIDSSUR[LPDWHO\PPLQGLDPHWHUZKLFKLVJUHDWHUWKDQWKHWULDQJOHVL]HVRIRXU
PRQROD\HU:6 IODNHV 0RUHRYHU ,9 FXUYHV RI ':6 UHGFRORUHG FXUYH VKRZ D VWURQJ OLQHDU
GHSHQGHQFHLPSO\LQJORZUHVLVWDQFH2KPLFFRQWDFWVEHWZHHQ':6DQGJUDSKHQH7KHVHHOHFWULFDO
FKDUDFWHUL]DWLRQUHVXOWVVXJJHVWWKHIRUPDWLRQRIHOHFWULFDOFRQQHFWLRQVEHWZHHQ':6DQGJUDSKHQH
,QWKH'26DQDO\VLVZHDOVRIRXQGWKDW':6DQGJUDSKHQHVKDUHHOHFWURQLFVWDWHVQHDUWKH)HUPL
OHYHOWKDWFDQFRQWULEXWHHOHFWULFDOFRQGXFWLYLW\RI':6EOXHVKDGHGDUHDLQ)LJXUHJ,QRWKHU
ZRUGVWKHIRUPDWLRQRIODUJHURYHUODSSLQJK\EULGRUELWDOVLPSURYHVWKHLQWULQVLFFRQGXFWLYLW\RI':6
DVRSSRVHGWRJHQHUDOYG:ERQGHGKHWHURVWUXFWXUHV
 


6XPPDU\DQG2XWORRN

7KHDYDLODELOLW\RIYDULRXVLVRODWHGWZRGLPHQVLRQDO'PDWHULDOVDOORZVWKHIDFLOHIRUPDWLRQRI
YDQGHU:DDOVYG:KHWHURVWUXFWXUHVE\VWDFNLQJOD\HUVRIGLIIHUHQWPDWHULDOVDQG WKLFNQHVVHV7KH
SK\VLFDOSURSHUWLHVRIWKHYG:KHWHURVWUXFWXUHVDUHVLJQLILFDQWO\DIIHFWHGE\WKHLUVWDFNLQJJHRPHWULHV
DQGLQWHUOD\HUFRXSOLQJLQFOXGLQJLQWHUOD\HUFKDUJHWUDQVIHUDQGHQHUJ\WUDQVIHU,QDSUHYLRXVVWXG\
ZHVKRZHGWKDWPRQROD\HU:6IODNHVJURZQRQWRDJUDSKHQHVXEVWUDWHH[KLELWRXWVWDQGLQJDLUVWDELOLW\
FRPSDUHGWRWKHIODNHVJURZQRQD6L26LVXEVWUDWH8VLQJYDULRXVFKDUDFWHUL]DWLRQWRROVDQGEDVHG
RQSUHYLRXVUHSRUWVZHGHPRQVWUDWHGWKDWWKHVXUIDFHFKDUJHWUDQVIHUVLJQLILFDQWO\DIIHFWVWKHSUHYHQWLRQ
RIDLUGHJUDGDWLRQIRUWKHILUVWWLPH7KLVUHVXOWVXJJHVWHG WKDWXQGHUVWDQGLQJ WKHHIIHFWRI LQWHUOD\HU
FRXSOLQJLQWKHVWDFNLQJJHRPHWU\RIYG:KHWHURVWUXFWXUHVLVKLJKO\LPSRUWDQWIRUREWDLQLQJPDWHULDOV
ZLWKGHVLUDEOHSURSHUWLHV  
,QWKLVZRUNZHGLVFRYHUWKDWWKHLQWULQVLFSURSHUWLHVRIVXEVHTXHQWOD\HUVRIDKHWHURVWUXFWXUHDUH
GHSHQGHQWRQWKHVWUXFWXUDOIHDWXUHVRIWKHWHPSODWHOD\HUHJWKHEDVDOSODQHDQG*%RIJUDSKHQH
:HKDYHFRPSDUHGWKHLQWULQVLFFKDUDFWHULVWLFVRIYHUWLFDO'KHWHURVWUXFWXUHVXVLQJWZRW\SHVRI:6
IODNHVJURZQGLUHFWO\RQJUDSKHQHGHIHFWV':6DQGDSULVWLQHEDVDOSODQH%:6,QFRQWUDVWWR
%:6IODNHV':6IODNHVDUHKLJKO\FRQGXFWLYHDQGH[KLELWORZHUFRQWDFWUHVLVWDQFHZLWKHIIHFWLYH
FKDUJHWUDQVSRUWDWWKHLQWHUIDFHHYHQWKRXJKERWKW\SHVRI:6IODNHVKDYHWKHVDPHFU\VWDOVWUXFWXUH
ZLWKRXW DWRPLF GLVWRUWLRQV RU GHIHFW IRUPDWLRQ8VLQJ H[SHULPHQWDO DQG FRPSXWDWLRQDO VWXGLHV WKLV
GLIIHUHQFHLQEHKDYLRURI':6IODNHVLVDWWULEXWHGWRWKHIRUPDWLRQRIFRYDOHQWERQGVYLD:DWRPLF
EULGJHVDWGHIHFWVLWHV2XUUHVXOWVUHYHDOWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHLQWHUOD\HUERQGLQJDQG
VWUXFWXUDOGLIIHUHQFHVFDQDIIHFWWKHIXQGDPHQWDOSURSHUWLHVRI'KHWHURVWUXFWXUHVDQGSURYLGHPDWHULDOV
XVHIXOIRUDZLGHVSHFWUXPRIHQJLQHHULQJDSSOLFDWLRQV7KLVQHZGHIHFWPHGLDWHGKHWHURVWUXFWXUHDQG
LWVQHZSURSHUWLHVH[WHQGWKHYDULRXVSRVVLELOLWLHVIRUDZLGHVSHFWUXPRIHQJLQHHULQJDSSOLFDWLRQVDQG
DOVRHPSKDVL]HWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHLQWHUOD\HUFRXSOLQJLQWKHVWDFNLQJDQGLQWHUOD\HU
JHRPHWULHVDQGLWVFRUUHODWLRQHIIHFWIRUGHVLJQLQJGHVLUDEOHSURSHUWLHV



&+$37(5
&RQFOXVLRQDQG'LVFXVVLRQ

$VPHQWLRQHGLQWKHSUHYLRXVFKDSWHUDOWKRXJKYHUWLFDOKHWHURVWUXFWXUHVFDQEHHDVLO\IDEULFDWHG
WKURXJKDPXOWLSOHVWHSDOLJQHGWUDQVIHUPHWKRGWKLVPHWKRGLVWLPHFRQVXPLQJDQGUHVLGXDOSRO\PHU
DQGXQDYRLGDEOHFRQWDPLQDQWVKDYHQHJDWLYHHIIHFWVRQWKHSURSHUWLHVRIDVPDGHKHWHURVWUXFWXUHV
&RQWUROOHGVFDODEOHV\QWKHVLVRIPXOWLMXQFWLRQYDQGHU:DDOVYG:KHWHURVWUXFWXUHVZLWKFOHDQ
LQWHUIDFHLVVWLOOWKHERWWOHQHFNRISUDFWLFDODSSOLFDWLRQV7KHUHIRUHDQDOO&9'PHWKRGPXVWEH
GHYHORSHGIRUJURZLQJKLJKTXDOLW\YHUWLFDOKHWHURVWUXFWXUHV
,QWKLVGLVVHUWDWLRQ,KDYHGHDWZLWKWKHZLWKWKHV\QWKHVLVDQGFKDUDFWHUL]DWLRQRIVHPLFRQGXFWLQJ
'70'VDQGWKHLUKHWHURVWUXFWXUHVHVSHFLDOO\ZLWKJUDSKHQHIRUHPHUJLQJDSSOLFDWLRQV$WILUVWWKH
GLUHFWJURZWKPHWKRGIRUREWDLQLQJKLJKTXDOLW\XQLIRUP:6JUDSKHQHKHWHURVWUXFWXUHZLWKVWURQJ
LQWHUOD\HUFRXSOLQJZDVSURSRVHG:HDFKLHYHGWKHXQLIRUPQXFOHDWLRQRIPRQROD\HU:6IODNHVRQ
DQLQHUWEDVDOSODQHRIJUDSKHQHE\LQWURGXFLQJVRXUFHFRQWDFWJHRPHWU\7KLVXQLIRUPQXFOHDWLRQ
UHVXOWVLQDJHQXLQHYG:HSLWD[\ZLWKQHJOLJLEOHODWHUDOVWUDLQDQGSURPRWHVFKDUJHWUDQVIHUEHWZHHQ
WKHWZROD\HUV7KXVRXUHSLWD[LDOO\JURZQ:6JUDSKHQHVDPSOHVVKRZVXSHULRUVWUDLQKRPRJHQHLW\
DQGKLJKFU\VWDOTXDOLW\ZLWKH[WUHPHO\ORZOHYHOVRIFKDUJHGLPSXULWLHVDQGGHIHFWV 
)XUWKHUPRUHIRUVWDEOHGHYLFHIDEULFDWLRQDQGRSHUDWLRQXQGHUVWDQGLQJRIWKHLUDLUVWDELOLW\LV
KLJKO\LPSRUWDQW,QWKLVZRUNWKHLQYHVWLJDWLRQRQHQYLURQPHQWDOVWDELOLW\DQGR[LGDWLRQPHFKDQLVP
RI+70'VZHUHREVHUYHGLQWLPHVHTXHQFH0HDQZKLOHRXUHSLWD[LDOO\JURZQ:6*UVDPSOHV
KDYHDFOHDQXQLIRUPVXUIDFHZLWKRXWDQ\HQFDSVXODWLRQHYHQDIWHU\HDUVLQDPELHQWDLUFRQGLWLRQV
:HDOVRVKRZWKDWJUDSKHQHVXEVWUDWHVSURKLELWWKHDJLQJSKHQRPHQDLQERWKRIWKHEDVDOSODQHVDQG
HGJHVRI'70'VIODNHVFRPSDUHGWRWKHFRPPRQO\REVHUYHGVKRUWWHUPGHJUDGDWLRQRI70'
IODNHV%DVHGRQWKHVHUHVXOWZHGHPRQVWUDWHWKDWKLJKFU\VWDOOLQLW\LVDNH\IDFWRUWKDWGHWHUPLQHVWKH
KLJKDLUVWDELOLW\DQGILUVWO\UHYHDOWKHFKDUJHWUDQVIHULQGXFHGGRSLQJDVDQDGGLWLRQDOIDFWRUIRUWKH
HQKDQFHGDLUVWDELOLW\ 
6LQFHGDQJOLQJERQGVDWYDFDQF\GHIHFWVFXUYHGZULQNOHVDQGJUDLQERXQGDULHV*%VDUHPRUH
UHDFWLYHDQGKDYHLQWHUDFWLRQVWUHQJWKVGLIIHUHQWIURPWKDWRIDSULVWLQHUHJLRQWKHVWUXFWXUDO
FKDUDFWHULVWLFVRIJUDSKHQHDVZHOODVMXVWJUDSKHQHLWVHOIFDQDIIHFWWRWKHSURSHUWLHVRI70'V8VLQJ
RXU:6*UVDPSOHVZHDOVRVWXGLHGWKHHIIHFWVRIDWRPLFDQGVWUXFWXUDOGHIHFWVRQWKHLQWHUOD\HU
SURSHUWLHVRUFRQILJXUDWLRQLQWKHYDQGHU:DDOVKHWHURVWUXFWXUHVKDYHEHHQWKRURXJKO\LQYHVWLJDWHG
DQGSUHVHQWHGWKDWWKHGLIIHUHQFHVDUHDWWULEXWHGWRWKHIRUPDWLRQRIFRYDOHQWERQGVDWGHIHFWVLWHVRQ
JUDSKHQHVXUIDFH 
7KHVHUHVXOWVUHYHDOWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHLQWHUOD\HUFRXSOLQJLQVWDFNLQJ
JHRPHWULHVDQGLWVFRUUHODWLRQHIIHFWIRUGHVLJQLQJGHVLUDEOHSURSHUWLHVLQ'YG:KHWHURVWUXFWXUHVIRU


IXWXUHGHYLFHDSSOLFDWLRQV7KHSUDFWLFDODSSOLFDWLRQRIKHWHURVWUXFWXUHVLVVWLOODWDQHDUO\VWDJH,QWKLV
VHQVHLWLVH[SHFWHGWKDWRXUUHVXOWVFDQSDYHWKHZD\IRUWKHUHDOL]DWLRQRIKLJKSHUIRUPDQFHDQGDLU
VWDEOHYG:KHWHURVWUXFWXUHEDVHGHOHFWURQLFDQGRSWRHOHFWURQLFGHYLFHVLQWKHQHDUIXWXUH 

 


5()(5(1&(6
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